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THE    TRANSLATOR. 


The  germ  of  meteorology  is^  as  it  were^  innate 
in  the  mind  of  an  Englishman ;  the  weather  is  pro- 
verbially his  first  thought  after  every  salutation;  it 
comes  to  him  intuitively ;  and  is  so  a  part  of  him 
that  we  can  scarcely  imagine  him  to  meet  his  friend 
without  giving  utterance  to  the  usual  truisms  of  "  fine 
day!"  "rainy  weather!"  "very  cold!"  And  who 
of  us  does  not  pride  himself  in  the  possession  of  a 
few  weather-axioms,  by  which  we  think  to  foresee 
the  coming  changes?  Some  of  these  axioms  are 
sound ;  others  are  essentially  true,  but  are  often  mis- 
applied; while  a  large  portion  are  false.  That  the 
latter  should  be  a  large  class  is  obvious;  because 
the  casual  observer  is  too  apt  to  draw  general  rules 
from  particular  cases,  without  taking  into  account,  or, 
perhaps,  without  being  able  to  take  into  account,  all 
the  accidental  circumstances  that  may  be  present. 
The  only  means  we  possess  of  eliminating  these 
sources  of  error,  and  arriving  at  the  general  laws 
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which  govern  atmospheric  phenomena,  is  a  ooone 
of  faithful  and  unwearied  observation,  followed  hj 
sound  and  accurate  deduction.  The  scientific  worU 
have,  within  the  last  few  years,  been  awakened  to 
the  importance  of  this  course;  and  very  efficient 
means  are  in  progress,  and  very  plain  instractionB 
have  been  published,  toward  the  attainment  of  the 
object  in  view.  In  the  meantime,  we  must  be 
reminded  that  many  stumbling-stones  have  bean 
already  removed ;  and  that  the  path  of  meteorology 
has  been  trodden  very  efiectiially  to  a  considerable 
extent.  There  does  not  exist,  however,  in  the  Eng- 
lish language  any  complete  treatise,  from  which  the 
ardent  student  can  gather  a  faithful  account  of  what 
has  been  done,  and  learn  what  remains  yet  to  be 
done.  It  is  hoped  that  the  present  translation  will 
supply  this  blank  in  our  scientific  literature.  M. 
Kaemtz,  the  author  of  the  treatise,  was,  for  seveiiil 
years,  professor  of  this  science  at  the  university  of 
Ilalle,  and  is  now  at  the  university  of  DorpiA; 
added  to  which,  he  is  a  skilful  and  indefatigable 
observer:  he  has,  for  instance,  almost  unassisted, 
made  at  Halle  a  barometric,  thermometric,  and  psy- 
chrometric  series  of  more  than  ten  consecutiye 
years ;  he  has  studied  atmospheric  changes  in  Ger- 
many, on  the  Rigi,  on  the  Faulhoni,  at  Deep  on 
the  coasts  of  the  Baltic,  and  at  Apenrade  in  Den- 
mark ;  and  low  temperatures  and  aurorse  at  Dorpat ; 
to  all  of  which  reference  wiH  be  made  in  the  course 


of  the  work.  -He  also  published  between  the  years 
1831  and  1836  a}eanaed  Treatise  on  Meteorology, 
full  of  origiual  research^  in  three  volumes  8vo.^  with 
the  title  Lehrlmqh  der  Meteorologie ;  and  he  after- 
wards published  the  Course,  of  which  we  now  present 
a  translation. 

Soon  after  the  appearance  of  the  original  Ger- 
man edition^  a  French  translation  with  notes  was 
published  (1843)  by  M.  Martins^  a  philosopher^ 
well  acquainted  with  practical  meteorology,  having 
taken  the  observations  at  Norway  and  Spitzbergen, 
in  1838  and  1839,  in  the  voyage  o{ La  Recherche; 
as  also  observations  at  Paris,  on  the  Faulhom,  and 
elsewhere.  In  August  of  the  present  year  (1844), 
he  reached  the  summit  of  Mont  Blanc,  in  conjunction 
with  his  friend  M.  Bravais  :  to  the  latter  gentle- 
man we  are  indebted  for  several  notes  in  the  present 
volume,  he  having  communicated  all  the  results  that 
he  had  time  to  reduce  from  the  observations  of  the 
Commission  of  the  North,  and  from  those  made  on 
the  Faulhom.  His  notes  are  indicated  throughout 
the  work  by  the  letter  B ;  those  of  M.  Martins,  by 
the  letter  M. 

These  notes,  which  are  extracted  from  the  most 
authentic  sources,  bring  up  meteorological  research 
to  the  period  of  publication,  and  are  of  themselves  a 
sufiBcient  explanation  of  our  reason  for  preferring  to 
present  the  English  reader  with  a  translation  of  the 
French  rather  than  one  of  the  original  edition.     We 


are  thus  enabled  to  furnish  him  with  a  vast 
of  highly  important  information,  which  the  original 
volume  does  not  contain.  But  we  may  add  to  thii, 
that  M.  Martins'  translation  is  enriched  by  a  ralnaUe 
Appendix,  from  the  hands  of  M.  Lalannb,  to  whtdi 
we  would  spedally  direct  atteotion,  onder  the  coo- 
viction  that  when  properly  atudied,  and  duly  rediued 
to  practice,  it  will  be  fonnd  a  very  important  mi* 
ihary  to  the  study  of  the  science,  l^e  foUowing 
extract  from  M.  Martins'  appendix  explains  the 
nature  of  this  appendix,  and  also  describes  the  alter- 
ation he  has  made  in  the  volume : — 

"  I  have  been  no  less  powerfidly  assisted  by  my 
friend  M.  L^on  Lalanne,  Civil  Engineer.  He  has 
given  a  graphic  representation  of  forty-two  numeiiesl 
tables  out  of  a  hundred  and  thirteen,  according  to 
the  common  system  of  two  rectangular  co-ordinates, 
and  according  to  another  system  of  three  co-onii> 
nates,  the  use  of  which  he  was  the  first  to  generalise, 
and  the  principles  of  which  arc  explained  in  the 
Appendix.  These  graphic  representations  are  an 
immense  service  rendered  to  meteorology ;  for  they 
possess  the  threefold  advantage, — of  setting  before 
the  eye  numerical  results, — of  representing  the  laws 
of  which  they  are  the  expression, — and  of  shewing, 
by  the  irregularity  of  certain  curves,  which  are  th^ 
that  do  not  represent  natural  laws,  and  that  demand 
a  greater  number  of  observations. 

"  M.  Lalannk  has,  moreover,  superintended  the 


long  calcnlatioDB,  which  were  Decenary  to  transfonn 
the  tables  into  decimal  measures.  All  these  calcu- 
lationa  having;  been  made  twice,  and  carefully  reri- 
fied,  their  accuracy  may  be  depended  upoD.  Thna, 
then,  if  this  translation  possesses  any  advantage  over 
the  original,  it  is  chiefly  to  my  two  friends  MM. 
Bkavais  uid  Lalanne  that  I  transfer  the  honour; 
and  I  am  happy,  in  this  place,  to  express  to  them 
my  gratitade  for  their  active  co-operation. 

"It  remains  for  me  to  point  out  the  substitutions 
which  I  thought  it  necessary  to  make  in  the  course 
of  the  work,  and  in  the  plates  which  accompany  it. 
The  text  of  the  author  has  been  respected  tbrot^h- 
out;  I  have  only  replaced  some  of  the  numerical 
tables  by  others  which  were  more  complete  or  exact. 

"  The  table  of  minima  of  temperature  observed  at 
different  places  (p.  168)  has  been  increased  by 
adding  the  cities  of  Cbarlestown,  Athens,  Washing- 
ton, MontpeUier,  Nice,  Pisa,  Lucca,  Florence,  Cama- 
jore,  Bologna,  Bangor  (U.  S.),  Turin,  Milan,  Mon- 
treal, Paris,  and  Bosekop.  Into  that  of  maxima  of 
temperature  (p.  169),  I  have  inserted  Catania, 
Palermo,  Naples,  Pavia,  Pisa,  Nice,  Cagliari,  Lucca, 
Bologna,  Turin,  Verona,  Milan,  and  Paris. 

"  The  table  of  the  mean  temperatures  of  a  great 
number  of  towns  given  by  M.  Kaemtb,  contained 
141  places;  I  have  substituted  for  it  {p.  177)  that 
of  M.  Mahlhann,  published  by  M.  de  Hohboldt, 
in  the  third  volume  of  his  work  on  Central  Ana, 
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entitled,  Recherches  sur  les  Chaines  de  Montaffnes  H 
la  Climatologie  comparie.  This  table  contains  tlie 
mean  and  season  temperature,  as  well  as  the  tempe- 
rature of  the  hottest  and  the  coldest  months  for  805 
places  in  the  two  hemispheres.  I  have  also  supplied 
tlie  place  (p.  228)  of  the  Uttle  tabic  of  the  limit  of 
perpetual  sno\i^,  at  different  latitudes,  which  is  given 
in  the  German  book,  by  that  which  M.  de  Hum- 
boldt has  given  in  the  same  work. 

^^jVI.  Kaemtz's  tabic  for  the  reduction  of  the 
barometer  to  zero  extended  only  from  540  to  778 
niillimetres;  for  this  I  have  substituted  M.  Dbl- 
CRos',  which  extends  from  400  to  800  millimetra 
(p.  241),  in  order  that  it  maybe  useful  to  those  who 
a])ply  themselves  to  the  determination  of  heights  by 
tlie  barometer.  At  page  243,  I  have  inserted  a 
small  paragraph  on  the  correction  of  the  barometer 
due  to  capillar}'  action ;  and  I  have  added  the  table 
constructed  by  M.  Delcros  for  making  this  correc- 
tion, which  is  of  such  importance  when  we  desire  to 
know  exactly  the  weight  of  the  atmosphere.  The 
chapter  which  treats  on  the  height  of  the  barometer 
at  the  sea-shore,  has  been  completed  (p.  277)  by  a 
table,  in  which  MM.  Schouw  and  Poggendorfp 
have  given  this  height  for  a  great  number  of  places. 
The  i)aragraph  on  the  influence  of  the  winds  on  the 
differences  of  level  calculated  by  the  barometer,  has 
been  replaced  by  that  which  M.  Kaemtz  gave  in  his 
preface,  as  presenting  results  more  conformable  to 


truth.  These  are  the  sabstitutioiiB,  which  I  luive 
taken'  the  liberty  of  making  in  the  teit ;  thejr  are  a 
neceaaary  coaaeqoence  of  the  progreas  of  meteor- 
ology. In  imitation  of  the  German  book,  I  have 
printed  the  names  of  men  in  difierent  characters 
fitna  those  of  the  context.  At  the  end  of  thia  book 
will  be  fonnd  an  alphabetical  list  of  these  names, 
which  will  facilitate  the  search  after  facts  or  theories, 
of  which  the  most  faithiul  memoir  has  often  retained 
nothing  beyond  the  name  of  the  author. 

"  M.  LiAtANNE  having  graphically  represented 
the  greater  part  of  the  tables,  I  have  aubatituted  for 
Hate  1,  of  the  German  text  that  of  the  frontispiece, 
which  repreaents  a  halo  that  I  observed  in  Sweden, 
with  M.  Beavais.  It  appeared  to  us  worthy  of 
being  represented;  becansc  it  presents  in  one  all 
the  circles  and  arcs  which  have  most  frequently  been 
observed,  and  which  theory  explains.  At  page  430 
will  be  found  a  note,  in  which  this  Bgure  is  com- 
pared with  the  projection  of  a  complete  halo  given 
by  M.  Kaemtz,  PI.  v.  fig.  3. 

"Plate  11.  of  the  German  book  was  partly  occu- 
pied  by  curves ;  I  have  replaced  tbcm  by  a  general 
figure,  and  by  the  details  of  Fortin's  barometer  as 
modified  by  M.Dblcbos, — a  barometer  equally  suited 
to  meteorolc^cal  observations  and  to  levelling. 

"Plate  III.  representing  the  clouds,  left  much  to 
be  desired  in  point  of  execution ;  I  have  had  it  en- 
tirely done  over  again. 
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''Plates  IT.  and  v.  have  been  faitfafolly  copied. 

''  Plate  vi.  of  the  original  work  represents  the 
isothermal  and  the  isogeothermal  lines  of  the  north- 
ern hemisphere^  laid  down  on  a  Mercator's  projec- 
tion. I  have  preferred  giving  the  isothermal  lines 
only^  and  on  a  polar  projection^  which  has  the  ad- 
vantage of  shewing  how  the  curves  become  re-enter- 
ing in  the  high  latitudes^  and  form  the  two  firigid 
poles.'' 

In  the  English  translation  I  have  included  the 
additions  alluded  to  by  M.  Martins^  in  the  above 
extract^  and  have  added  a  second  Appendix  of 
Notes^  in  which  I  have  endeavoured^  as  far  as 
practicable,  to  illustrate  certain  passages  in  the 
text;  and  to  describe  some  of  the  new  and  im- 
portant registering  instruments,  which  recent  neces- 
sities have  called  into  existence,  and  modem  science 
has  enabled  us  to  construct :  among  these,  Wheat- 
stone's  ElectrO'Meteorohgical  Register  holds  a  first 
rank.  I  have  also  given  an  account  of  the  observa- 
tories of  Kew  and  Greenwich ;  and  have  described 
the  instruments  employed,  illustrating  the  descrip- 
tion by  printing  a  fortnight's  observations  made  at 
Kew.  Plates  vii.  and  viii.  of  the  beautiful  aurone 
seen  by  M.  Lottin  ;  Plate  ix.  of  Osler's  anemo- 
meter; and  Plates  x.  andxi.  of  Mr.  Wheatstone's 
Register,  have  been  also  added  to  this  edition. 

CHARLES  V.  WALKER. 
Lcfndon^  Nov.  1844. 


a  BAdlUm.  a9;Reg«nt  ^. 


METEOROl.OGf  PL .» 


;..    #  ♦  ** 


I       • 


MMEKon  METE€maiLoar. 


PL  V 


Icndaa  EBaiUi^re.  ^W.RcgentS^ 


A 


■n 

'■i 


\ 


,     H 


^ 


i 

4 


K'4 


...   --.S 


4; 


1 


l<ata  S-BnUJoT.  ^,R^tiltf 


■KAHWTZ-S    MlTK01t.OI.OCT.  __M^ 


aBJaiIherv.2l9.Rt^r>aff- 


7^z 


/ 


} 


INTRODUCTION. 


Metbobologt  18  that  part  of  natural  philosophy  which 
treats  on  the  phenomena  and  the  modifications  of  the  at- 
mosphere, in  order  to  analyse  them  and  seek  their  explan- 
ation. Plunged  at  the  hottom  of  the  atmospheric  ocean  in 
which  the  earth  is  enveloped,  we  are  witnesses  of  the 
dianges  which  are  incessantly  going  on  in  it.  Serene  or 
dou^,  cold  or  hot,  calm  or  agitated,  the  atmosphere  exer- 
cises a  powerful  influence  over  all  organised  beings.  There 
does  not  exist  a  man  who  has  not  asked  himseli  what  the 
canse  is  of  these  continual  variations.  It  is  not  simply  the 
desire  of  knowledge  which  urges  him  to  this  inquiry ;  but 
these  questions  are  often  of  tne  highest  importance  to  the 
husbandman,  the  sailor,  the  artisan,  and  the  physician. 
Oiur  physical  and  moral  well-being  depends,  in  a  great  mea- 
sure, on  the  condition  of  the  atmosphere.  AVhen  the  sky 
has  remained  for  some  weeks  covered  with  dark  clouds,  the 
niiits  are  affected,  but  the  mind  becomes  serene  as  soon  as 
tne  sun  appears  acain :  so  also,  during  changeable,  damp, 
and  cold  wither,  Uie  number  of  invabds  is  always  greater 
than  during  fine  weather. 

From  the  very  remotest  antiquity  men  have  been  occu- 
pied in  investigating  the  causes  of  these  variations.  This 
stady  even  preceded  that  of  natural  philosophy,  properly  so 
called,  because  it  embraces  the  most  striking  phenomena  of 
the  inorganic  world.  In  the  works  of  the  Greeks  and  Ko- 
mans,  we  find  a  multitude  of  observations  and  laws  carefully 
treasured  up.  Amon^  all  nations,  even  the  least  dvilised, 
travellers  have  met  with  some  notions  of  Meteorology.  It 
would  seem,  then,  that  this  science  ought  to  be  one  among 
the  most  advanced,  because,  for  thousands  of  years,  it  has 
been  the  object  of  the  labours  of  so  many  mtelligenccs. 
Unfortunately  it  is  not  so;  and  a  few  lines  will  suffice  to 
give  the  reason. 

B 
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The  number  of  obsen-ations  on  the  modifications  of  the  at- 
mosphere is  doubtless  considerable ;  but  they  are,  at  the  same 
time,  ohservatums  in  the  most  restricted  sense  of  that  word.  AVe 
observe  the  phenomenon  presented  to  us,  but  we  cannot  mo- 
dify and  vary  it  at  pleasure ;  we  cannot  even  reproduce  it  at 
will.  In  a  word,  we  cannot  have  recourse  to  e2pen>A€ii/.  Our 
means  and  our  ^wers  are  much  too  limited  to  give  us  the 
power  of  producmg  the  least  changes  in  the  atmosphere.  We 
arc  hence  compelled  to  register  facts ;  and,  as  IXT.  Berseliell 
has  very  well  observed,  we  resemble  a  man  who  hears  now 
and  then  a  few  fragments  of  a  lon^  history  related  at  distant 
intervals  by  a  prosy  and  unmethodical  narrator.  In  recalling 
to  mind  what  has  gone  before,  he  may  occasionally  connect 
past  with  present  events;  but  a  host  of  circumstaiioes 
omitted  or  forgotten,  and  the  want  of  oonnexioii,  prevent 
his  obtaining  possession  of  the  entire  stoiy.  Were  we  allowed 
to  interrupt  tne  narrator,  and  ask  him  to  explain  the  ap- 
parent contradictions,  or  to  clear  up  any  doubts  on  obscore 
points,  then  might  we  hope  to  arrive  at  a  general  view.  The 
questions  that  we  would  address  to  nature  are  the  very 
experiments  of  which  we  are  deprived  in  the  sdenoe  of  at- 
mospheric modifications. 

A\lien  reduced  to  observation,  Meteorology  cannot  pos- 
sibly advance  at  a  pace  equal  to  that  of  the  other  branches 
of  natural  philosophy.  To  attain  the  power  of  eatahlishing 
laiivs,  we  are  compelled  to  register  a  long  series  of  fincts  si- 
milar in  appearance,  that  we  may  draw  from  them  some 
general  results.  These  bein^  once  obtained,  we  pass  on  to 
the  study  of  isolated  variations.  We  know,  for  example, 
that  the  barometer  is  ever  oscillating,  and  that  it  never 
ascends  without  its  afterwards  descending  again.  We  notice 
a  certain  connexion  between  the  state  of  the  atmosphere  and 
these  variations  in  atmospheric  pressure.  In  like  manner, 
as  the  barometer  is  alwap  in  motion,  so  also  the  temperature 
docs  not  rise  uniformly  from  the  coldest  degree  (H*  winter 
to  the  hottest  moment  of  summer.  Thus  cold  and  hot 
days,  in  so  far  as  the  season  is  concerned,  intermpt  this 
regular  inarch.  Knowing  that  the  weight,  and  consequently 
the  equilibrium,  of  the  different  atmospheric  strata,  cnanges 
^vith  the  temperature,  we  may  inquire  whether  barometric 
oscillations  may  not  be  connected  with  these  changes  of  tem- 
perature. In  order  to  determine  whether  this  reuution  does 
exist,  the  thermometer  and  barometer  are  observed  for  a 
long  period  at  the  same  fixed  times.  We  examine  how  often 
and  how  much  the  two  have  varied  in  the  space  of  twenty- 
four  hours :  then,  grouping  separately  the  observations  in 
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which  the  barometer  had  ascended  or  descended,  and  coni- 
paring  them  with  the  corresponding  thermonictric  variations, 
It  is  found  that  there  is  a  naturtd  connexion  between  the 
two  phenomena.  AMien  the  barometer  rises  to  a  certnin 
degree,  the  thermometer  falls  proportionately;  when  the 
barometer  falls,  the  thermometer  rises. 

In  order  to  obtain  a  knowledge  of  the  lairs  which  at- 
mospheric phenomena  obey,  we  must  not  only  2)osscss  a 
luge  number  of  ob8er\'ation8,  but  it  is  further  iicce^ssar^' 
that  we  should  combine  them  in  such  a  manner  that  general 
laws  may  be  separated  from  all  accidental  di8turl)ances.  It 
ii  the  latter  wtuch  excite  our  curiosity  in  the  greater  de- 
gree ;  but  they  are  also  very  difficult  ofexplanation.  Who- 
ever  has  made  observations  for  any  penod  with  metcoro- 
k^cal  instruments,  and  has  endeavoured  to  deduce  from 
them  any  general  laws,  cannot  have  failed  to  find  that  the 
result  to  which  he  has  arrived  is  in  formal  contradiction  to 
the  best  established  laws.  Thus,  in  a  general  \va\\  the 
thermometer  falls  when  the  barometer  rise's ;  but  how  vli'v 
oflen  is  the  contrary  observed !  How  arc  these  anomnlic- 
to  be  explained  ?  Must  wc  say  that  Nature  is  capricious  y 
Assuredly  not;  for  these  anomalies  are  due  to  the  action  ol 
the  very  causes  which  give  rise  to  the  other  phenomou... 
An  isolated  obser>-er,  however  much  he  may  be  supposed  t" 
be  endowed  with  perseverance  and  sagacity,  could  not  pi  s- 
sibly  arrive  at  a  plausible  explanation.  It  is  solely  by  com- 
paring his  observations  with  those  that  have  been  made  ;.i 
other  x)oints  that  a  satisfactory'  result  can  be  obtained. 

As  the  meteorologist  is  obliged  to  compare  observatioiis 
made  at  very  distant  points,  wc  can  antici])ate  how  many 
obstacles  are  opposed  to  his  researches.  Oftentimes  tliet-o 
observations  do  not  exist ;  or,  if  they  have  been  made,  tlicv 
generally  embrace  only  Europe.  Yet,  in  order  to  explain 
certain  general  disturbances,  we  should  possess  observati()n> 
at  a  great  number  of  stations  in  the  four  quarters  of  tht 
world,  that  we  may  see  what  the  causes  are  by  which  these 
disturbances  have  been  produced.  No  phenomenon  is  iso- 
lated :  as  will  be  seen  in  the  course  of  this  work,  it  is  alwa\> 
connected  with  those  of  the  entire  atmosphere.  15ut  whiit 
man  could  flatter  himself  that  he  could  collect  all  these  ol^- 
scr\'ations?  and,  if  he  possessed  them,  would  he  have  timt 
to  combine  th'em  so  as  to  extract  all  the  results  which  they 
contain?  Societies,  supported  by  government«»,  can  alo:  c 
undertake  this  task ;  ami  the  very  existence  of  Meteorc^lo j^y 
depends  on  association. 

Whato'er  difficulties  may  have  hitherto  opposed  tht 
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developement  of  this  sdenoe,  it  has  yet  made  yery  notaUe 
progress  since  the  end  of  the  hut  centmy ;  and  it  now  ad- 
vances vnth  a  rapid  and  certain  pace.  Future  ages  will 
erect  the  edifice,  or  which  we  have  laid  the  foundatiana ;  and 
we  may  abready  say,  with  certainty,  that  the  goiexal  plan  ii 
simple,  and  tha^  its  apparent  complezity  only  arises  Iran  the 
dose  connexion  of  the  parts  with  each  other, — a  connexion  so 
intimate,  that  it  is  difficult  to  drcnmscrihe  the  limits  of  the 
phenomena.  These  difficulties  bein^  once  removed.  Meteor- 
ology satisfies  the  intellect  and  excites  tiie  curioeity.  1^ 
object  which  we  have  proposed  in  this  work  is  to  present 
the  sum  and  substance  of  the  best-established  laws  and  facts. 
Fortunate  shall  we  be,  if  we  can  gain  some  recruits  to  a 
science  that  can  only  advance  by  the  co-operation  of  a  large 
number  of  zealous  and  persevering  observers. 


CONSroERATIONS 


OH  THE 


RANGE  OF  TEMPERATURE  IN  GENERAL, 


The  study  of  Meteorology,  however  superficial  it  may 
be  supposed,  immediately  leads  us  to  recognise  that  heat 
plays  a  very  important  part  in  the  atmosphere,  as  in  all 
the  rest  of  natore.  As  soon  as  the  importance  of  this  accent 
had  been  recognised,  the  science  made  rapid  progress.  The 
ancient  philosophers  were  not  i^orant  of  its  iimuencc,  but 
they  knew  not  now  to  connect  it  with  the  entire  range  of 
thejmnd  atmospheric  phenomena. 

The  intimate  nature  of  heat  is  beyond  our  reach.  We 
knofw  not  what  modifications  occur  in  bodies  whose  temper- 
ature is  raised;  however,  we  have  been  able  to  declare, 
from  our  experiments,  the  laws  according  to  which  it  is  pro- 
pagated and  distributed.  I  will  unfold  the  most  important 
of  them  in  the  course  of  this  work,  and  we  shall  sec  the 
fiidlity  with  which  they  explain  the  great  majority  of  at- 
mospheric disturbances. 

or  THE  THERMOMBTBR. — ^Among  the  instruments 
by  means  of  which  changes  of  temperature  may  be  studied, 
the  thermometer  occupies  the  first  rank.  Invented  about 
the  end  of  the  sixteentn,  or  at  the  be^ning  of  the  seven- 
teenth century,  by  Galileo,  accordmg  to  some,  or  by 
]>r«bb«ly  according  to  others,  it  is  still  one  of  the  most 
important  instruments  of  natural  philosophy.  It  sheyrs  tliat 
all  bodies,  on  being  heated,  increase  in  volume,  in  a  ditfertnt 
proportion  for  eaSi.    Scaixely  visible  in  solid  bodies,  this 
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ililatation  is  notable  in  liquids,  and  considerable  in  aeriform 
fluids. 

The  construction  of  the  thermometer  is  generally  known. 
uV  tube  of  very  small  diameter  is  terminated,  at  one  of  its 
extremities,  by  a  spherical  or  cylindrical  reservoir;  th^ 
both  contain  a  liomd  or  a  gas,  generally  mercury.  It  is 
essential  that  this  liquid  be  not  mixed  with  air.  The  con- 
dition is  fulfilled  by  boiling  it  strongly  in  the  thermometer ; 
the  air  being  thus  driven  out,  the  extremity  of  the  tube  is 
closed.  ^Vhen  the  apparatus  is  cold,  the  mercurial  colxunn 
possesses  a  certain  length,  which  varies  as  the  cistern  is 
heated  or  cooled.  In  order  to  obtain  the  value  of  these 
variations,  a  scale  is  fixed  along  the  tube,  or,  which  is  still 
better,  divisions  are  engraved  on  the  ^lass.  But,  in  order 
that  each  obser^'er  may  trace  these  divisions  himsell^  it  was 
necessary  that  two  fixed  points  should  be  found,  which 
should  be  given  by  two  mvariable  temperatures.  After 
many  attempts  it  was  discovered,  on  plunging  a  thermometer 
repeatedly  into  pounded  ice  or  melting  snow,  that  the  mer- 
curial column  stopped  sensibly  at  the  same  point,*  whatever 
the  changes  of  temperature  were  to  which  it  had  been 
exposed  in  the  interval  between  the  experiments.  The 
same  is  the  case  if  it  is  exposed  to  the  vapour  of  boiling 
water,  the  atmospheric  pressure,  indicated  by  the  baro- 
meter, remaining  the  same.  The  two  points  are  marked  on 
the  scale,  the  former  by  0,  and  the  latter  by  100,  in  the  centi- 
grade, or  Celsius's  thermometer,  and  by  80  in  Reaimrar's. 
The  interval  between  them  is  divided  into  100,  or  into  80 
equal  parts  or  degrees^  according  as  one  or  other  scale  is 
adi)pted.  If  the  stem  passes  these  two  points,  the  ^pradua- 
tion  is  prolonged  beyond  the  boiling  point,  foUowmg  the 
natural  order  of  the  numbers,  101,  102,  103,  104,  &c 
Below  the  zero,  they  are  numbered  1,  2,  3,  4,  &c. ;  but  these 
are  termed  negative  degrees,  and  arc  always  preceded  by  the 
si^'n   (— )  minus^  whUst  those  above   the  0    are    termed 


'  When  thermometers  are  gradaated  immediately  after  their  coiutnic- 
tin,  a?  is  the  general  practice,  or  when  these  instnmients,  althoogh  gradu- 
aioil  several  months  after  they  have  been  constructed,  are  sabjected  to 
;:reat  variations  of  tcmperattire,  the  scro  is  liable  to  be  displaced ;  that  is, 
the  column  of  the  instrument,  when  plunged  anew  into  melting  snow,  no 
Ifir.iTcr  rosts  at  the  point  marked  zero,  where  it  rested  at  the  time  when  tt 
v.a<  ^aduated.  This  correction  must,  therefore,  be  known ;  for  it  would 
■.i\o  rl«*e  to  a  constant  error  in  every  degree  of  the  thermometer.  The 
-•urroction  is  generally  negative  for  temperatures  above  that  of  melting  Ice, 
;>!i<l  ]>c>«itive  for  the  t^ers;  because  the  column  of  the  thermometer,  when 
^lt!:).'(^<i  into  melting  snow,  generallv  places  itself  higher  than  at  the  period 
f  .-ra'hiation.  This  correction  being  liable  to  chuige  with  time,  careful 
Meteorologists  should  annually  verify  the  aero  of  their  thermometers. — M. 
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pnsitire^  and  arc  either  not  preceded  by  any  si^n,  or  else 
they  have  the  sign  (+)  plujt.  As  mathematicians  never 
place  the  sign  -f  before  positive  quantities,  we  think  tliat 
meteorologists  onght  to  imitate  tnem,  in  order  to  avoid 
a  wearisome  confusion  of  signs,  when  they  abstract  the  con- 
tents from  extensive  meteorological  registers. 

Throughout  this  work  all  the  temperatures  are  marked 
in  the  centesimal  degrees,  or  those  of  Celsins.  However, 
the  conversion  of  one  scale  into  the  other  is  a  very  easy 
operation.  Indeed,  80^  R.  being  equal  to  100°  of  the  cen- 
tesimal scale,  or  4''  R.  an  equivalent  to  5°  C.  (designating 
the  degrees  of  Beaumur's  scale  by  the  initial  R.,  and  those 
of  the  centesimal,  or  Celsius,  by  the  initial  C),  the  in- 
dications of  Reaumur's  thermometer  are  multiplied  by  5 
and  divided  by  4,  to  convert  them  into  centesimal  degrees. 
To  perform  the  converse  operation,  we  multiply  by  4  and 
divide  by  5.    Thus,  then : — 

14=  R.  =  ~-  =  17°,  5  C;  and  14^  C.  =  — ?-=  11%  5  R. 
4  o 

There  exist  a  great  many  other  tlicrmometric  scales.  I 
shall  confine  myself  to  mentioning  Pahreniieit's,  \vhich 
is  still  in  use  among  English  observers.  In  this  scale  the 
melting  point  of  ice  corresponds  to  the  .S2d  division,  and  the 
boiling  point  to  the  '212th ;  and  the  interval  is  divided  into 
HVl  —  32  =  180  parts.  Below  the  152  the  reckonins:  is 
carried  down  to  zero,  IkjIow  zero  the  degrees  arc  ncirativc. 
In  onler  to  reduce  the  indications  of  this  therniunictcr 
to  those  of  the  centesimal  scale,  the  32  must  first  be  de- 
ducted, so  that  the  zeros  may  correspond.  Then,  since 
ISO^  F.  are  equivalent  to  UKV  C,  or  9°  F.=:5'  C,  the 
remainder  must  be  multiplied  by  5,  and  this  product  divided 
by  9.     Thus  :— 

50^  F.  =  (50)— 32)  X  i!  =  10°  C. 

The  same  formula  is  employed  if  the  degrees  on  Fah- 
renheit's thermometer  are  Ijelow  32.  Let  them,  for  ex- 
ample, be 

1.3^  F. ;  then  13^  —  32  "=  —  lO'' ;  and 
13°  F.   =  —  10'  X    5  =  —  10%  65  C. 

The  «ame  process  is  adopted  for  converting  the  negative 
degrees  of  Fahrenheit.  On  subtracting,  for  example,  o2' 
from  —  16'  F.,  the  result  is  —  4s  ;  and^ 

—  16   F.  =  -4s"  X  ;=-26,67C.> 

'  Vi-io  Not?  n,  Apnon'll-T,  No.  II. 
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The  thermometers  that  are  employed  in  meteorologial 
observations  are  generally  those  znade  with  meicoiy;  for 
this  metal  does  not  freeze  except  at  very  low  temperatiuei, 
such  as  are  never  observed  in  our  cbmates.  But,  for  a 
wintering  in  high  latitudes,  spirit  thermometers  mutt  be 
provided.  If  the  freezing  and  the  boiling  points  are  dbber- 
mined  on  such  an  instrument,  and  the  mterval  is  divided 
into  80  or  100  equal  parts,  its  variation  will  not  be  pandid 
to  those  of  a  mercurial  thermometer ;  this  is  due  to  the 
unequal  dilatation  of  the  two  liquids.  Therefore,  in  com- 
paring a  spirit  with  a  mercurial  thermometer,  a  corTectioii 
must  be  made  through  the  whole  extent  of  the  scale. 

It  is  often  essential  to  know  the  highest  and  the 
lowest  degrees  marked  by  the  thermometer,  in  a  oertun 
determined  interval  of  time.  To  effect  this  we  have  ze* 
course  to  tkermometrogrcq)hs.  Of  the  different  anrnoge* 
mcnts  that  have  been  given,  the  following  is  the  simplest, 
and  perhaps  the  best.  K  a  mercurial  thermometer  is 
placed  horizontally,  and  a  movable  index  of  iron  wiie 
or  of  glass  is  in  contact  with  the  extremity  of  the  mer- 
curial column,  this  index  will  be  thrust  forward  as 
the  mercury  expands,  but  will  remain  at  the  same  place  if 
it  contracts  under  the  influence  of  a  reduction  of  tempera- 
ture.* The  point  of  the  scale  where  the  index  is  found  in- 
dicates, therefore,  the  greatest  degree  of  heat,  or  the  moxt- 
mum  to  which  the  instrument  has  been  subjected.  An  an- 
alogous mechanism  will  give  us  the  lowest  degree  to  which 
the  instrument  has  fallen.  At  the  extremity  of  the  column 
of  a  spirit  thermometer  a  glass  index  is  so  placed  that  it  is 
entirely  plunged  into  the  liquid.  When  the  alcohol  con- 
tracts, it  di9W8  with  it  the  index,  in  consequence  of  its  ad- 
hesion to  the  glass,  but,  in  expanding,  it  does  not  diqilaoe 
it ;  so  that  the  degree,  corresponding  to  the  point  where  the 
index  is  found,  indicates  the  miiunwrn^  or  lowest  tempera- 
ture, to  which  the  instrument  has  been  exposed.  If,  then, 
we  vrish  to  know  the  maximum  and  toe  mimmum  of 
the  temperature  in  the  twenty-four  hours,  iht  index 
of  iron  wire  is  placed  in  contact  with  the  mercury,  and 
the  upper  extremity  of  the  glass  index  is  made  to  coincide 
^rith  the  extremity  of  the  column  of  spirit,  by  inclining  the 
two  instruments.    The  following  day  the  position  of  the 


*  Indices  of  glass,  and  even  those  of  imn  wire,  In  the  coarse  of  time,  are 
drotrnrd,  that  is,  they  penetrate  into  Uic  mercury.  To  aroid  this  biconve- 
nience,  M.  GasiNxm  crowns  the  thermometric  column  with  a  cap  of  Terythin 
glasA,  by  which  the  mercury  is  kept  from  the  index. — U. 
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two  indices  will  give  the  maximum  and  the  minimum  of 
temperature.* 

pmoPAQATZON  or  HfiAT.  — A  body,  when  in  the 
neiffhbourhood  of  another,  the  temperature  of  which  is 
higher  or  lower,  becomes  heated  or  cooled.  How  does  this 
exchange  of  heat  come  about  ?  In  two  ways,  as  we  have 
loumed  fh>m  experiments — conductihilUy  and  radiation. 

CoicDUCTniiLiTY.  —  If  cavities  are  fashioned  in  a  me- 
tal bar,  and  thermometers  are  introduced  into  them,  it 
will  be  found  that,  at  the  end  of  a  certain  time,  all  the 
tbermometerB  will  indicate  the  same  temperature ;  but,  if  a 
lamp  18  brought  near  to  one  end  of  the  bar,  this  end  will  be 
heated  first,  and,  in  a  very  short  time,  the  thermometers 
will  rise,  and  the  more  so  as  they  are  nearer  to  the  source 
of  heat.  The  propagation  of  heat  takes  place  because  each 
kyer  of  metal  conununicates  a  portion  of  its  heat  to  the 
layer  with  which  it  is  in  contact.  This  property  of  bodies 
to  transmit  their  heat  thus,  by  the  intervention  of  their 
molecules,  is  termed  cowluctihility.  Conducting  power  is 
different  in  the  various  bodies  in  nature.  If  bars  of  the 
8une  length  and  thickness,  Ijut  composed  of  different  ma- 
terials, are  compared,  we  (Hscover  that  they  do  not  coiKluct 
heat  equally  well.  Metals  transmit  it  very  well,  then  come 
rocks,  afterwards  wood,  &c.  In  general,  the  more  porous  a 
substance  is,  the  less  conducting  power  does  it  possess.  A 
crowd  of  phenomena,  falling  under  our  daily  observution, 
depend  simply  on  the  difference  of  conducting  po^ver^!!. 
On  a  summer*s  day  expose  to  the  sun  a  mass  of  metal  and  :i 
mass  of  wood,  of  the  same  volume,  and  covered  with  the 
same  varnish ;  then  touch  each  of  them  with  the  hand : 
the  wood,  which  is  hot  on  the  surface  only,  will  at  lirst 
eive  the  sensation  of  a  hotter  body  than  the  metal ;  the 
&tter,  on  the  contrary,  being  deeply  penetrated  by  the 
heat,  will  produce  a  less  intense  sensation  at  first,  but  it 
will  continue  much  lon^jer,  because  it  will  gradually  trans- 
mit to  the  hand  all  the  heat  that  it  has  absorbed.  For  the 
same  reason,  a  piece  of  metal  seems  much  colder  in  winter 
than  a  piece  of  wood,  Injcause  the  heat  of  the  hand  jjene- 
trates  much  more  quickly  into  the  metal  than  into  the 

•  Tho  minimum  decree  !■»  indicated  by  the  upper  extremity,  the  maxi- 
mum by  tho  lower  cxtn^mity  of  tho  index. 

Siz'ii  thermometroi^raph,  ni«><Uflod  by  IJellam  and  Blnten,  is  a  :n<.ri> 
conrenient  iniitrument.  and  more  cxnnt  than  K L'Tn£BFOBD's  wtiirh  lia^jj-t 
been  deacribed  {vide  Teclbt,  Traite  dr  PAi/sitfuc,  t.  i.  p,  "ifi;  anil  ]'-.riL- 
LR,  Etfmcns  de  Physique,  t.  ii.  fig.  372).  Hut  tho  indication*^  dl  th.-  ii.- 
•tronient  are  exact  only  9n  lonj?  as  it  has  n«it  unMenrone  .chucks  or  i>rt>.-urL-, 
fiir  these  diai>lace  the  index  and  falsify  their  results. — M. 
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wood ;  the  surface  alone  of  the  latter  becomes  heated,  and 
this,  too,  in  a  very  short  space  of  time.  Sand,  whkh  is  a 
ver\'  bad  conductor  of  heat,  is  intensely  hot  on  the  emrfiioe 
iliirin^r  summer,  but,  at  a  few  inches  deep,  this  eleTated 
tcin}>erature  ceases  to  exist. 

liADiATiox.  —  Conductibility  is  not  the  only  means 
hy  which  bodies  interchange  temperature.  If,  in  winter, 
we  are  at  a  certain  distance  from  a  hot  stove,  we  feel  that  it 
transmits  heat  to  us ;  is  this  an  effect  of  the  conducting  power 
of  the  airy  By  no  means;  for  if  we  place  between  onr- 
fmlves  and  this  stove  a  metal  screen,  we  shall  no  longer 
feci  the  heat,  however  thin  the  inte]^>osed  plate  may  be ; 
but.  as  metals  are  good,  conductors,  the  heat  ou^ht  to  tra- 
vei*se  the  screen.  To  render  this  fact  perfectly  clear,  let  ns 
place  a  convex  mirror  at  some  distance  from  tnc  stove,  and 
the  bulb  of  a  thermometer  in  the  focus  of  this  mirror.  1£ 
wo  place  a  screen  between  the  mirror  and  thermometer,  the 
latter  will  not  l>e  affected,  but  the  instant  we  take  away  the 
screen  the  thermometer  rises.  Things  occur  exactly  as  if 
tho  rays  of  the  sun  fell  on  the  mirror,  and  we  must  admit 
lalnrt/fc  rays  for  the  same  reasons  that  have  induced  ns to 
conceive  himinotts  rays.  The  mode  of  transmitting  heat  is 
termed  radiatioiu  Calorific  ra^-s  easily  traverse  a  certain 
numlH.T  of  bodies,  and  especially  pure  air. 

All  bodies  in  nature  are  incessantly  radiating  one  to  an* 
other :  hence  arises  a  continual  interchange  of  temperature, 
because  some  absorb  what  the  others  lose  by  radiation.  It 
is  principally  the  surface  of  bodies  that  radiates,  and,  gene- 
rally, with  greater  facility  the  less  polished  it  is.  These 
hxses  of  heat  arc  partially  compensated  by  the  heat  trans- 
mitted from  within  outward.  If,  therefore,  we  surround 
bodies  that  are  bad  conductors  but  good  radiators,  such  as 
swan's  down,  locks  of  wool,  feathers,  light  sand,  glass, 
snow,  &c.,  with  a  very  cold  atmosphere,  and  compare  their 
cooling  with  that  of  bodies  which  scarcely  raaiat«,  but 
which  arc  good  conductors,  such  as  polished  metals,  we 
shall  T)crccive  that  the  former  become  cold  much  faster 
than  tnc  latter. 

CAPACITY  OF  BODIES  FOR  HBAT.— The  thermo- 
meter teaches  us  whether  bodies,  heated  either  by  direct 
transmission  or  by  radiation,  have  the  same  temperature.  To 
render  our  explanation  more  comprehensible,  suppose  the  heat 
to  be  somethmg  material.  It  is  natural  to  ask  if  two  bodies 
of  the  same  temperature  always  possess  the  same  quantity 
of  heat.  In  other  words,  is  as  much  heat  required  to  make 
a^temi)erature  of  a  mass  of  water  rise  from  8°  to  40*^  as 


tiAPAcm  or  tnmn  tor  heat.  ]  i 

to  raise  tte  temperature  of  a  mnsa  of  iron  to  tie  same  rnim- 
ber  [>r  liegrces :-  Experiments  answer  this  quwtion  in  the 
n^ntive.  A  different  quantity  of  heat  ia  required  to  give 
an  Eiiual  cbnnge  of  temperature  to  bodies  of  a  different 
uture.  In  order  to  have  a  point  of  coroparison,  a  kilo- 
amnme  of  iratcr  at  zero  is  eho«cn  aa  unity,  and  we  examine 
now  much  heat  is  required  to  elevate  its  temperature  P  C. 
Then  this  quantity  is  determined  for  other  bodies  by  ope- 
nting,  in  luie  manner,  upon  a  kilogramme  of  the  substance. 
The  quantities  found  arc  caUed  the  specific  heats,  and  this 
jiroperty  obtains  the  name  of  the  calorific  capacity  of  bodies. 

The  following  experiment  shews  the  truth  of  what  we 
have  said,  and  explains  the  method  employed  to  c^imato 
the  specific  heftt  of  bodies.  Four  into  a  vessel,  having  thin 
rides,  -300  grammeci  of  water  at  zero,  then  add  500  "rammes 
of  water  at  40°;  on  making  this  mixture,  we  shall  have  one 
kilogramme  of  water  at  'Iff.  If  the  experiment  is  varied, 
irhalcver  are  the  initial  *empemtures  of  the  two  quantities 
of  water,  the  mixture  wi  I  always  have  a  temperature  equal 
to  half  the  difference  of  1  liese  initinl  tempcraturet. 

Bni  if  we  throw  into  '•00  grammes  of  water  at  zero,  500 
grammes  of  iron  filings  t  VY-,  the  temperature  of  the  mix- 
ture will  be  only  X'S^  Thus,  then,  the  3G',04  of  beat, 
which  the  iron  hna  lost,  lave  not  been  able  to  elevate  the 
temperature  of  the  wal  :  more  than  3°,96 ;  and  iron  re- 
ijnires  lew  beat  than  watt/  to  attain  the  same  d^;rec  of  tem- 
perature in  the  protvortion  of  3,°S6,  .■16'',04.  The  calorific 
capacity  of  water  being  1,  that  of  iron  will,  therefore,  be 
0,1 1.  The  difference  is  analogous  to  that  eiisting  between 
bodies  in  nspcct  to  their  weight.  If  we  Sll  flasks  of  the 
«ame  capacity  with  different  liquids,  such  as  water,  alcohol, 
mermry,  Sa;.,  we  find  great  differences  of  weight.  Thus 
the  same  Yolnmc  of  mercury  n-ill  be  thirteen  times  heavier 
than  an  equal  volume  of  water.  Bodies  may  be  regarded 
as  flasks,  into  which  we  have  poured  heat.  The  thermo- 
meter indicates  the  same  temperature,  but  just  as  the 
weights  of  egual  volumes  of  these  liquids  are  different,  so 
also  bodies,  m  which  the  thermometer  indicates  the  same 
tempcrultire,  are  possessed  of  very  different  quantities  of 
heat.  Philosophers  have  given  the  imrae  of  iqitcijic  gravity 
to  this  inequality  of  weight,  observed  in  bodies  of  the  same 
volume ;  ihey  have  also  called  the  unequal  capacity  of 
bodies  for  heat,  np'cijic  heat. 

INFLOBNCE  OP  TBB  SON. — The  Study  of  the  Iaw> 
jUlate  the  variations  of  the  temperature  of  the  atmo- 
.  prore  that  the  son  is  the  principal  cause.    In  pro- 
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portion  as  this  body  rises  above  the  horizon,  the  heat 
increases ;  it  diminishes  as  soon  as  it  is  set  The  diflferenoes 
between  summer  and  winter  depend  also  on  the  time  that  it 
remains  below  the  horizon,  and  on  its  distance  firam  the 
zenith  of  the  observer.  Astronomy  teaches  na,  it  Is  true, 
that  the  earth  was  formerly  an  incandescent  globe,  whuh, 
when  launched  into  space,  gradually  cooled.  £i  proportkui 
as  we  descend  into  the  bowels  of  the  earth,  we  fina  a  greater 
or  less  elevation  of  temperature,  which  rexiders  the  existence 
of  a  central  fire  or  incandescent  nucleus  ver^  probable. 
But  the  surface  of  the  earth  is  composed  of  bodies  that  are 
such  bad  conductors,  that  this  central  heat  is  very  slowly 
communicated  to  the  atmosphere;  and  the  researches  A 
Fonrier  have  shewn  that  it  may  be  entirely  neglected  in 
Muteorolo^. 

The  height  of  the  sun  above  the  horizon  is  one  of  the 
most  important  elements  in  the  study  of  its  calorific  action. 
In  fact,  a  surface  is  more  hijzhly  heated  by  a  distant  source 
of  heat,  as  the  line  drawn  from  this  source  to  the  surface 
approaches  nearer  to  the  perpendicular.  Take  an  open 
book,  and  present  it  to  the  light  of  a  lamp :  on  holding  it 
vertically,  you  will  easily  be  able  to  read  the  characters ;  but, 
the  more  ^'ou  incline  it,  that  is,  the  smaller  the  anffle  is 
which  the  incident  rays  make  with  the  surface  of  thebook, 
the  less  vnU  the  surface  be  enlightened,  and  the  more  diffi- 
cult will  it  be  to  read  the  characters ;  and  they  will  finally 
become  entirely  invisible. 

Mathematicians  have  endeavoured  to  deduce  the  changes 
of  temperature  of  days  and  seasons  from  the  height  of  Uie 
sun ;  but  the  action  of  this  body  is  modified  by  so  many 
accidental  circumstances,  that  we  must  have  recourse  to 
direct  experiment.  This  is  done  by  means  of  a  thermometer 
exposed  m  the  open  air,  on  the  north  side  of  a  building 
at  three  or  four  decimetres  from  the  wall,  and  at  a  dis- 
tance from  any  white  surface  likely  to  reflect  the  heat.  If 
it  becomes  wetted  by  rain,  it  must  be  wiped  about  five 
minutes  before  making  the  oliservation ;  for  the  drops  of 
water,  by  their  evaporation,  will  lower  the  temperature  of 
the  bulb  of  the  thermometer.  Care  must  be  taken,  in 
winter  time,  that  the  thermometer  is  not  subjected  to  a  cur- 
rent of  hot  air  coming  out  from  the  apartment. 

If  an  instrument  thus  placed  is  carefully  followed,  it  will 
be  obser^'ed  that  the  temperature  changes  every  moment. 
It  would  be  an  easy  matter  to  turn  all  these  isolated  indica- 
tions to  account,  in  order  to  compare  the  temperatures  of 
ditforcnt  months  or  da^-s  in  the  year.    These  comparisons 
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would  never  lead  to  any  satisfectory  re«ult,  iinleat  we  have 
recourse  to  mtaiu.  To  obtain  the  mean  of  any  day,  the 
thenaraneter  ia  observed  at  short  interTsle — hourly,  for  in- 
■tance ;  and  the  sum  of  the  d^rees  observed  is  divided  by 
the  number  of  oboervationa  that  have  been  made:  this  is 
ealled  taking  the  arithmetical  mean  of  thete  observations. 
The  mean  of  a  month,  of  a  season,  or  of  a  year,  is  calculated 
by  an  analogous  process. 

KANGS  or  TBMPERATOKE  DUKINQ  THE  DAY. 

— To  observe  the  thermometer  cvery^  hour,  night  and  day, 
would  be  a  tutc  impossible  to  a  sincle  intSvidual,  and 
btiguin^  even  for  several  observers.  And  hence  few  me- 
teorologists have  had  thia  patience ;  but,  fortunately,  their 
results  preaent  so  much  concordiuice,  that  we  may  atitusMj 
deduce  the  mean  temperature  of  the  day  from  a  very  few 
observations  made  at  suitable  hours. 

The  first  horary  series  is  due  to  ClmlnaUo  of  Fodua. 
For  sixteen  consecutive  months  he  observed  the  thermometer 
ever^  hour  from  four  in  the  morning  till  eleven  in  the 
evemog.  During  the  night  he  made  one  more  observation 
at  different  hours,  and  he  supplied  the  blank  by  interpola- 
tion. At  a  later  period,  at  the  suggestion  of  Brewatar,  the 
utillery  officers  of  the  fort  of  Lcith,  near  Edioburgh,  ob- 
Krved  the  thermometer  every  hour  during  the  years  1S24 
■nd  1825.  Oatterer,  contemporary  with  CimlBello,  bad 
observed  the  thermometer  at  GiJttingen  every  hour  for 
several  years.  I  have  had  the  opportunitjr  of  consulting 
his  manuscript  meteorological  registers,  which  M.  Anselme 
BotaehUd  purchased  from  his  heirs,  in  order  to  preseut 
them  to  the  Society  of  Physics  at  Frank  fort- on -the-Maine. 
Numerous  daily  oMervations  have  been  made  by  M.  Nenber, 
St  Apenrade  in  Denmark ;  itohTrumi,  at  Dresden ;  KoUer, 
at  Kremsmunster ;  Kapfer,  at  Fetersbnrg;  and  since  1835, 
by  the  astronomers  of  the  obseriatory  at  Alilan.* 

Latterly,  the  obsenationa  of  Captain  Robs,  and  those 
of  the  Russian  officers  at  Nova  Zemblfl,  have  furnished 
valuable  materials  in  regard  to  the  polar  regions.  I  have 
myself  made  observations  of  the  thermometer  for  several 
years,  from  six  in  the  moroiog  till  ten  at  night,  every  hour 
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or  every  two  honrs,  in  order  to  determine  the  progreaB  of 
temperature  at  Halle.  With  regard  to  night  obsemfions, 
they  may  easily  be  derived  by  means  of  the  very  ample 
formulsD  of  interpolation,  which  I  have  ^ven  at  page  91,  kc 
of  the  first  yolimie  of  my  large  treatise  on  Meteorology. 
(  Vitle  Note  A.)  The  following  tables'  present  the  sommaiy 
of  the  mean  temperatures  at  all  honrs  of  the  day  daring 
the  twelve  months  of  the  year  at  Halle,  Gottingen,  ^idaa, 
and  the  fort  of  Leith,  near  Edinburgh. 
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These  Ubies  shew  that  there  U  a 
awn  of  temperature  on  each  day.  Tbe 
■omc  littJc  time  tidbrc  the  rising  of  the  sun. 
ftbout  tno  o'clock  io  the  afternoon ;  a  little  sooner  in  winter 
■nd  a  Utile  Uter  in  Bummer.  The  m^ority  of  pbilosophcra 
Mfanit  that  the  moment  of  the  rising  of  the  snn  is  tlmt  at 
rtldt  ttw  tonperatare  is  the  lowest  j  but  if  we  deduce  from 
•haerratiaiu  «  fomnila,  ii  dcpcndcat  of  the  trifling  errors  of 
'  mifalg.  which  arc  alniosl  inevitable,  ire  shall  find  that  the 
'  ictnlaaan  oeetin  about  ha.-^  an  hour  before  the  ri^ng  of  the 
Till,  at  the  time  when  i  is  body  ia  yet  12^  beneath  the 
rmriion.  Hub  rule,  whicl  is  only  appliciible  to  our  climates, 
liirics  in  ilitTcrent  season ..  In  autumn  and  in  winter  the 
luinaawn  coiDudctt  with  a  depreraion  of  IS°  below  the  hori- 
xaa,  and  in  unrnmer  with  6°  only. 

niicn  the  ntn  is  above  the  borison,  it  acts  upon  the  earth 
uul  the  lowo'  strata  of  the  atmos^ihcre  with  greater  power, 
as  its  angular  height  is  greater.  One  portion  of  thia  heat 
penetiatcs  into  the  soil,  the  other  is  lost  bv  radiuiion  to- 
vanb  the  atmosphere  and  celestial  space.  Itefore  mid-day 
the  earth  receires,  in  every  instant  of  time,  a  quantity  of 
beat,  exceeding  that  which  it  loses  by  radiation ;  and  its 
temperature  ia  raised.  This  effect  continues  also  for  some 
time  after  the  sun  has  passed  the  meridian,  hence  it  follows 
that  the  toaximnni  takes  place  some  hours  after  the  time  of 
"Wbile  the  sun  is  sinking  toward  the  horizon,  its 
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action  becomes  less  powerful,  and  the  loss  by  radiation  ex- 
ceeds the  gain  by  absorjition.  The  heat  diminishes  the 
more  rapidly  as  the  sun  is  nearer  setting.  As  soon  as  it 
has  disappeEired,  the  calorific  source  no  longer  existing, 
all  the  acquired  heat  radiates  towards  celestial  space,  the 
temperature  falls,  and  would  fall  still  lower,  if  the  por- 
tion of  the  heat,  which  had  penetrated  into  the  super- 
ficial layers  of  the  soil,  did  not  return  to  the  surfiue,  by 
virtue  of  the  conducting  power  of  the  earth.  The  lo- 
wering of  temperature  contmues  until  morning  announces 
the  return  of  the  sun,  which  again  heats  the  regions  that  it 
illuminates. 

These  explanations  are  so  simple,  that  almost  all  the 
phenomena  of  temperature  may  be  deduced  from  them ;  and 
we  may  also  infer  from  them  that  the  diurnal  yariatioa  of 
heat  is,  probably,  the  same  in  all  countries.  However,  in 
hot  climates  on  the  sea-coast,  the  maximwn  of  temperature 
often  occurs  before  the  arrival  of  the  sun  at  the  meridian ; 
because  there  arises,  about  mid-day,  a  fresh  breeze  firom  the 
sea,  which  lowers  the  temperature.  Daily  observations, 
made  in  July  and  August,  1837,  on  the  borders  of  the  Baltic, 
have  shewn  me  that  the  maximum  takes  place  in  the  after- 
noon ;  although  several  hours  sooner  than  at  Halle,  which 
is  in  the  interior  of  the  Continent.* 


obsenrationa  made  during  one  winter  only,  we  should  be  led  to  idmit  that 
the  temperature  attahisi  its  miiximnm  ahont  eleren  o*clock,  a.x.»  its  tmmimmm 
abuut  five  o'clock,  r.x.,  and  a  second  maximum  at  eleven  o'clock,  r  Ji .  But 
the5c  two  oscillations  an*  not  sufficiently  marked  to  authorise  as  as  yet  In 
Toucliing  fur  their  constancy.  It  would,  however,  be  interesting  to  eetablith 
the  existence  of  a  daily  calorific  wave,  which  should  not  depend  on  the  iirrct 
action  of  the  solar  rays.  The  preceding  obsenrations  shew  that  its  ampU- 
tuJc  is  not  greater  than  QPA.  It  remans  to  be  proved  whether  this  i)he- 
iiomcuon  may  be  explained  by  a  regular  diurnal  change  in  the  state  of  the 
heavens  or  in  the  direction  of  the  wind,  by  the  diurnal  variation  in  the 
pressure  of  the  air,  by  aurora  borealis,  or  by  any  other  local  or  general 
irJlucnce. — M. 

*  On  the  summit  of  high  mountains  different  causes  produce  an  analo- 
gous effect.  The  hottest  perltxl  uf  the  day  oceiu^  half  an  hour,  or  three- 
quarters  uf  an  hour,  after  the  term  of  the  culmination  of  the  sun.  M. 
Kakmtz's  observations  on  the  Faulhom  (canton  of  Berne)  at  'i^V^Z  metre* 
a)H)Yc  the  level  of  the  sea,  in  1H32  and  1833:  those  which  I  made,  with 
MM.  BaAVAis  and  Wacusmutii,  on  the  same  mountain  in  1S41 ;  and, 
finally,  those  of  MM.  Peltier  and  BaAVAis  in  1812.  all  agree  in  giving  the 
sainc  result,  however  various  these  different  series  luay  have  been  in  re»ii«ct 
to  the  meteorological  circumstances  which  accompanied  them.  The  ob- 
M;n-ations  on  the  Great  St.  Bernard  also  prove  that,  in  tlUs  station,  the  tem- 
perature of  mid-day  is  generally  greater  than  tliat  of  three  o'clock.  If.  for 
thu«c  two  stations,  the  perii>«l  of  fnaTimmm  differs,  this  difference  Is  very 
r.n;hably  due  to  Faulhom's  l>eiii;;  an  isolated  suniuiit,  whilst  tho  hospice  ••f 
St.  licriiard  is  overlooked  on  all  sidles  by  elevated  summits.  The  colde>i 
pori(><l  coincides  with  that  of  the  plain, — that  Is,  it  happens  about  half  an 
h>.>ur  licfiire  the  risino:  of  the  sim. 

Witti  respect  to  tlie  iliumal  variation  of  the  thermometer,  the  climate  of 
tlic  summit  of  mountains  bears  a  great  analogy  to  m-ii-c/i mtf/^i.— M. 
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D&TCSMINATION   OF  MCAN  TEMPBRATUBE. — 

Tsrke  during  the  day,  the  dci^ee  of  tlie  tliermomcttr  is 
equal  to  the  mean  temperature.  It  might,  therefore,  eeem 
tliit  it  would  be  EufficicQt  for  us  to  taku  an  ohservation  at 
me  ofthese  two  periods.  But  this  method  is  Tei^  unworthy 
«f  trust.  At  the  moment  when  it  09cillalea  about  tbe  mean, 
Ihe  temperature  changes  very  rapidiy;  and,  if  the  ob- 
Kivation  is  made  a  little  too  soon  or  a  little  too  late,  very 
notablt  errors  irill  result. 

TTie  surer  way  is  to  read  it  off  several  times  during  the 
diy,  and  St  such  hours  that  their  arithmetical  mean  shall 
nproacb  the  true  meftn  aa  nearly  as  possible.  By  taking 
•nervations  at  4  o'clock  and  at  10  a.m.,  and  at  4  and  ID 
o'clock  r.M.,  the  fourth  of  the  sum  of  the  temperalurea 
Iband  nil)  give  a  value  tliat  will  differ  verv  little  from  that 
of  the  loesn.  The  arithmetical  mean  of  obserratlone  at 
6aji^2F.ii..and  10r.M.,  iso  differs  very  little.  M.BcHonw, 
in  order  to  facilitate  tbi  labour  of  observers,  recommends 
their  eonflning  themselvi  d  to  three  readings, — at  7  a.m.,  at 
noon,  and  at  10  p.m.  ;  the  "m  of  the  degrees  divided  by  3 
will  rive  the  mean.*  Ilalie,  the  mean  of  June,  ob- 

tuneo  by  this  method,  i  '",95 ;  whilst  the  true  mean  is 
1S°,72 ;  consequently  0=  lower.  If  the  true  mean  at 
Hallewerc  not  known,  w  ght  arrive  at  it  by  determining, 
s  of  observatioria  >uBde  in  another  country,  the 


aay  that 
I  three  ol 


ibeervations  only.     Thus,  at  Fadua,  the  n 


t  be  deducted  from  the  mean  deduced 
only.  Thus,  at 
thod  is  -l-i^'IS ;  the  true  n 
1^,30.  Deduct  this  difference  from 
a  deduced  at  Halle  from  three  observations  only, 
ud  we  have  IS'iM  — 0%30=  15°,63  ;  a  number  which  is 
not  very  Jar  from  the  true  mean,  i5'',72.  In  fine,  we  must 
be  lore  aa  to  whether  the  aritlimetical  mean  of  the  three 
flbservationa  ia  greater  or  less  than  the  true  mean,  in  the 
places  where  the  latter  is  known,  and  add  or  deduct  this 
Terence  from  the  mean  obtained  in  the  place  where  the 
observations  are  being  made,  For  points  situate  on  the 
Continent,  and  in  the  temperate  zones,  we  should  take  the 
means  of  UiJItingen,  Halle,  and  Padua,  in  order  to  eliminate 
die  little  anomalies  ^Thich  might  exist  in  one  of  these  cities 
bAeo  separately.  For  England,  we  should  adopt  the  cor- 
rection found  by  the  observations  made  at  Leith.  Although 
we  do  not  attain  to  results  that  are  perfectly  accurate,  they 
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will  yet  be  much  nearer  the  trath  than  those  that  are  not 
corrected. 

The  mean  being  intermediate  bet¥reen  the  mcadmMm  and 
minimum  of  the  day,  it  has  often  been  proposed  to  deduce  it 
from  these  two  elements,  and  to  consider  the  half  of  tl^eir 
sum  as  the  true  mean.  But  the  latter  is  widely  different 
from  this  empirical  mean ;  and  here  again  we  should  be 
obliged  to  have  recourse  to  a  correction  which  experiment 
alone  can  disclose  to  us.  This  correction  is  a  constant  co- 
efficient, by  which  the  excess  of  the  maxmmm  oyer  the  mmi'- 
mum  is  to  be  multiplied;  the  product  is  added  to  the  mmt- 
mum;  the  sum  is  the  true  mean  sought  after.  This  co- 
efficient yaries  according  to  the  process  by  which  the  man- 
mum  and  tmiioitfffn  haye  been  obtained,  n  a  oonmum  ther- 
mometer is  obsenred  at  the  hours  of  maximum  and 


the  reading  will  differ  from  the  indications  of  the  thenno- 
metro^pn.  In  fact,  this  instrument  alwajrs  indicates  the 
true  mtiximwn  and  minimum  ;  whilst  the  former  method 
does  not  giye  them,  because  the  atmospheric  accidents  of  the- 
day  may  displace  the  maximum  and  mimmum  by  seyeial 
hours.  The  mean  found  by  the  thermometrogn^h  wiU, 
therefore,  differ  from  that  deduced  from  direct 
at  the  presumed  periods  of  diurnal  maximum  and 
because  the  maximum  will  be  always  higher,  and  the 
mum  lower,  than  those  of  the  thermometrograph. 

In  many  cities,  such  as  Paris,  Bruraels,  imd  Basle,  ob- 
seryations  of  the  thermometrograph  and  the  thermometers 
haye  been  simultaneously  taken  seyeral  times  during  the 
day.  We  may,  therefore,  declare,  from  these  con^antiye 
obseryations,  a  coefficient  by  means  of  which  we  may  deter* 
mine  the  true  mean.  With  the  series  of  Padua,  HaDe^ 
Gottingen,  and  Leith,  we  haye  calculated  the  factor  tbot 
will  enable  us  to  deduce  the  true  mean  temperature  from 
the  periods  of  the  maximum  and  minimum.  The  following 
table  giyes  these  two  coefficients  for  all  the  months  of  ^ 
year: — 


a  TKE  BXCEgs  or  ths  divk- 
I  Bs  HtrtnruED ; 

TBB   SUN  or  THE    FRODDCT  AKD   OF  THE   MIHIMIJM  OITES 
THE  MBAN  DIUXNAI.  TEUPEBATUBB. 
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TEUFEBATUBES 
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TEHPEBATUSSB 
Iiiilk«l»dbjth.Tl»ni>o- 

JuiUBiy      . 

0,388 

0,507 

Febnuiy  . 

0,411 

0,476 

M»reh  .    . 

0,468 

0,475 

April     .    . 

0,481 

0,466 

my.   .   . 

0,512 

0,459 

June      .    . 

0,501 

0,453 

Jnly.    .    . 

0,488 

0,462 

Augurt.    . 

O,S0O 

0,451 

Septembei. 

0,482 

0,433 

October.    . 

0,433 

0,447 

November. 

0,381 

0,496 

December  . 

0,357 

0,521 

(KMeAppe 


r.3.) 


The  ose  of  this  table  is  very  simple.  I  will  suppOK 
that  in  MBTcb,  at  the preaumed  times  otmaximam  &nd  nu'ni- 
fRwn,  the  reading  of  tne  dinra&l  temperature  has  been  1°,25 
and  8°,32.  The  difFerencc  (8'',32  — 1°,25  :=  )  7'',07  is  to  be 
multiplied  by  0-468,  the  co-effident  of  the  month  of  March, 
and  this  product  is  to  be  added  to  the  tidmaaim  temperature, 
^e  lom  will  be  the  true  mean  in  question.  Conseqaently, 

Maamian ^  1°,25 

7'',07  X  0,468 =  3°,81 


"-"*--' J 
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If,  on  a  day  in  Augost,  the  thermometrograph  nre  yoa 
the  extremes  10^26  and  22^32,  their  difference  u  12^,06, 
and  the  constant  coefficient  of  this  month  is  0,451.  The 
true  mean  unll  therefore  be : — 

Mmimum =  10^26 

12°,06  X  0,451 =    5%44 


True  Mean     .    .     15°,70 

We  have  thus  two  easy  methods  of  finding  the  true 
mean ;  but  meteorologists  must  endeavour  to  determine  the 
constant  coefficients  as  rigorously  as  possible,  in  order  to 
obtain  an  accurate  knowledge  of  the  daily  means.  If  the 
Greeks  and  Romans  had  invented  our  instruments  nd  em- 
ployed these  methods,  we  might  now  decide  the  impmlant 
question  respecting  the  cooling  of  our  planet.  Let  ns  then 
endeavour  to  collect  materials,  so  that  future  genentiQiii 
may  one  day  solve  this  problem. 

BANGS    OF    TBMPSRATURB    IN    THB    OOUSSB 

OF  THS  YEAR. — The  mean  temperature  of  each  monith 
havinff  been  determined  by  one  of  the  preceding  methods,  the 
annual  mean  is  deduced  by  dividing  the  sum  of  the  menenal 
temperatures  by  12.  If  these  mensual  temperatuxes  are 
calculated  at  the  mean  of  several  years,  it  will  be  seen  that 
they  vary  very  notably,  whilst  the  annual  mean  always 
remains  nearly  the  same.  This  mean,  when  deduced  firom 
a  small  number  of  years,  may  be  considered  as  the  e^^ies- 
sion  of  truth,  to  which  it  will  more  nearly  approximate  u 
the  number  of  years  is  gpreater. 

If  we  now  compare  the  annual  and  mensual  means  oC 
the  points  situated  in  the  temperate  zones,  we  shall  find  a 
singular  agreement  between  the  results.  From  the  middle 
of  January  the  temperature  rises,  at  first  slowly,  then  in 
April  and  May  rapidly;  it  then  increases  less  n^idly  to 
the  end  of  July,  when  it  attains  its  maximum.  It  fidls  at 
first  slowly  in  August,  then  rapidly  in  September  and  Oc- 
tober, and  descends  to  its  minimum  in  the  middle  of  January. 
This  march  is  so  constant,  that  the  mensual  means  of  any 
place  may  be  calculated  by  means  of  a  veir  few  elements. 
The  justice  of  this  assertion  has,  moreover,  been  verified  at 
points  situated  in  Lapland,  on  the  borders  of  the  Persian 
Gulf,  in  the  new  as  well  as  in  the  old  world.  If  we  inquire 
>vhich  are  the  days  when  the  temperature  is  equal  to  the 
mean,  and  those  when  it  attains  its  maximwn  and  mtmrntmi, 
Ave  find : — 


AxnxvAh  YASunov,  25 

iUmamim  of  temperature  .    January  14. 

Mean April  24  and  Oct.  21. 

~"  July  26.* 


The  law  of  this  range  of  temperature  is  easily  deduced 
from  the  pootion  of  the  sun  in  relation  to  our  hemisphere. 
In  the  month  of  January,  when  the  days  commence  length- 
cnjiuf,  the  nm  acts  witn  more  force,  because  its  angular 
hdg^t  18  greater,  and  it  remains  longer  above  the  horizon. 
Am  the  days  continue  to  increase,  tne  earth  continues  to 
acquire  hait;  but  the  an^ar  height  of  the  sun  at  first 
inereaaea  slowly,  and  the  neat  augments  but  little;  it  is 
qdI^  toward  tlie  vernal  equinox  that  the  temperature  rises 
n^rkQy.  One  portion  of  the  heat  which  the  earth  receives 
from  the  sun  during  the  day  is  lost  by  radiation,  another 
portiaii  penetrates  to  a  trifling  depth,  and  another  portion 
lervea  to  warm  the  atmosphere.  By  nocturnal  radiation,  a 
part  of  the  heat  acauired  is  lost  again  in  space ;  but,  the 
ni^t  being  shorter  tnan  the  day,  there  is  a  definite  increase 
of  temperature  from  day  to  day.  Toward  the  summer  sol- 
stioe,  tnere  being  little  variation  in  the  height  of  the  sun, 
the  increase  of  temperature  increases  but  slowly. 

If  the  solar  innuence  were  the  only  cause  of  heat,  the 
aKumtan  of  temperature  would  coincide  with  the  longest 
day  of  the  year.  Although  the  action  of  the  sun  is  less 
energetic  in  proportion  as  its  height  decreases,  nocturnal 
radiation  is  reduced  to  a  mere  trifie  in  summer,  on  account 
of  the  shortness  of  the  nights.  Each  day,  therefore,  the 
sun  adds  a  new  quantity  of  heat  to  that  which  the  earth 
already  possesses,  and  the  mean  of  the  twenty-four  hours 
still  ^oes  on  increasing.  Therefore  it  is  that  the  tempera- 
tore  mcreases  even  after  the  summer  solstice,  so  long  as  the 
diminution  of  the  days  is  scarcely  sensible,  and  the  maximum 
ooenrs  at  the  period  when  the  gain  of  the  day  compensates 

*  In  the  Atmuaire  du  Bureau  dr$  Longiludt's  fur  1825,  M.  Ango  has  trivcn 
ft  Hit  of  the  dajs  on  which  maxima  of  heat  and  cold  have  been  obHvi-vod  at 
the  Obaerratory  of  Paris  fW>m  16G5  to  1823.  The  days  of  groatcst  cold 
■enerftlly  fall  in  the  second  week  of  January.  Thoee  of  greatest  heat  arc 
vrcfolArly  distributed  in  July  and  August.  At  Macstricht  {Mcmom's  dr 
rjead.  de  BruxeUcM,  t.  x.)  M.  Crahat  found  that  these  days  were  distrilmtcd 
Sn  the  following  noanner  (his  period  comprehends  the  years  18 IB  to  1833) :  — 

r  July,  1 1  times.  ^ 

Marimum  {  August,         3  ^Mean  Date,  July  19. 

C  June,  2  3 

r  January,       6  times,  "y 
Minimum  V^^^'^i^    %  (Moan  Date,  JanuaiT  22. 

C  March,  2  J  M. 

C 
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for  the  losses  of  the  night.  It  is  only  when  the  dm  decrease 
rapidly,  at  the  time  when  the  son  is  approaching  the  eqnator, 
that  the  temperature  falls.  This  lowering  of  tempenture 
would  be  much  more  sensible  if  the  superficial  strata  of  the 
earth  did  not  restore  to  the  air  a  portion  of  the  heat  which 
they  had  borrowed  from  it  daring  the  snmmer.  This  dbni« 
nution  continues  for  some  time,  also,  after  the  winter  sol- 
stice, because  the  loss  during  the  night  always  detracts  firom 
the  gain  of  the  day. 

^liatever  agreement  may  be  obeeryed  in  difEeient  plaeei 
in  regard  to  yariations  in  the  temperatore  of  the  year,  we 
ought  not  to  lose  sight  of  one  drcnmstanee,  to  wnich  we 
shall  return  in  the  sequel  with  the  fullest  details :  lo  wit,  if 
we  take  the  difference  between  the  coldest  and  the  liolteft 
months  of  the  year,  we  find  that  the  difference  is  yery 
trilling  in  small  islands  and  on  the  western  shoras  of  eoQ* 
tinents,  but  becomes  greater  as  vre  penetrate  into  the  inlerior 
of  the  continents.  So  that,  in  equal  latitudes,  the  eotsls 
and  the  seas  are  warmer  in  winter  than  the  interior  of 
countries. 

■BASONS. — ^Astronomic  seasons  are  regulated  aceording 
to  the  course  of  the  sun.  In  Meteorology  we  seek  to  diyide 
them  according  to  the  march  of  temperature.  Winter  being 
the  most  rigorous  season,  we  ought  to  arrange  so  that  the 
coldest  day  of  the  year  shall  fall  nearly  in  the  nuddle  of 
this  season.  This  day  being  about  the  15th  of  Jamiary, 
winter  will  consist  of  the  months  of  December,  January, 
and  February ;  spring,  of  jMarch,  April,  and  Hay,  and  so 
on.  Few  meteorolo^sts  haye  remained  attached  to  astro- 
nomical di>i8ion,  which  makes  winter  begin  December  21st. 
A  more  culpable  method  still  is  that  which  eonaists  in 
creating  artindal  seasons  for  particular  spots  on  the  globe, 
by  placmg,  for  example,  the  commencement  of  winter  at  the 
day  when  the  thermometer  marks  zero  for  the  first  time, 
and  that  of  spring  at  the  period  of  the  first  leayes.  Such 
division  cannot  but  introduce  confusion  into  the  sdenee; 
for,  by  acting  in  this  manner,  we  should  find  an  infinite 
nimiber  of  distributions  of  seasons  oyer  the  surfiuse  oi  the 
globe. 

IMFZiUBNCE    OF     I^kTXTUOB     OVER    TBMPERA- 

TURB. — ^If  we  compare  spots  that  differ  considerably  from 
each  other  in  latitude,  we  shall  find  that  their  mean  tempe- 
ratures are  lower  as  we  proceed  further  from  the  equator, 
and  as,  consequently,  the  mean  height  of  the  sun  is  less. 
Thus,  while  at  the  equator  the  mean  temperature  yaries 
between  27''  and  28^  at  Tencriffe  it  is  not  more  than  21^7, 
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at  Paris  10^,8,  and  at  the  North  Cape  zero.  Other  circum- 
stances, such  as  the  direction  of  the  winds,  the  quantity  of 
moisture,  &c^  have  also  a  notable  influence  over  the  mean 
temperature,  which,  in  ei^ual  latitudes,  is  always  more  ele- 
vatea  on  coasts  and  in  islands  than  it  is  in  tne  interior  of 
large  continents. 

TBMPERATUHB    OF    THE    UPPER    STRATA    OF 

THE  ATMOSPHERE. — The  mean  temperature  not  only 
depends  on  the  position  of  a  place  with  regard  to  the 
eauator,  but  also  on  its  elevation  above  the  level  of  the  sea. 
K  the  range  of  the  thermometer  at  the  foot  and  at  the 
summit  of  a  mountain  is  compared,  it  will  be  seen  that  the 
mean  is  lower  as  the  mountam  is  higher.  Aeronauts  have 
made  the  same  observation.  On  mountains,  this  diminution 
of  temperatore  is  extremely  sensible,  because  it  is  almost 
always  ai^ftftinpatiiAil  by  a  very  strong  wind,  which  increases 
the  physioloEical  impression  of  cold.  This  difference  must 
be  attnbutea  to  a  more  active  radiation,  and  to  the  diiiii« 
nished  canadty  of  the  rarified  air  for  heat.  In  general,  it 
may  be  admitted  that  the  temperature  decreases  one  degree 
£xr  every  1S5  metres;  but  this  number  varies  with  the 
latitudes,  the  season,  and  the  hour  of  the  day ;  fur  the 
decrease  of  temperature  is  much  greater  in  summer  than  in 
vinter;  in  the  afternoon  it  is  more  sensible  than  in  the 
nuHninff,  and  it  also  depends  on  the  serenity  of  the  sk} ,  on 
lain,  hail,  and  other  hydrometeors. 


II. 


ON   WINDS, 


GENERAia  CONSIDBRATIOM8.— So  long  as  Uw  den- 
sity of  the  air  is  the  same  evexr  where,  the  atmospliere  re- 
mains at  rest ;  but,  as  soon  as  this  equilibriam  is  brolcen  by 
any  cause  whatever,  a  motion  occurs,  whkh  is  called  wma. 
If,  in  one  part  of  the  atmosphere,  the  air  becomes  dense,  it 
passes  away  to  those  parts  where  the  density  is  less,  in  the 
same  manner  as  air,  compressed  in  a  pair  of  bellows,  escapes 
by  the  orifice.  This  displacement  of  air  is  analogous  to  that 
of  water  in  rivers ;  it  is  a  flowing  of  the  aerial  ocean  from 
one  region  towards  another. 

These  currents,  the  laws  of  which  we  are  about  to  study, 
play  a  grand  part  in  nature.  Thev  favour  the  fecundation 
of  flowers,  by  agitating  the  branches  ofplants,  and  trans- 
porting the  pollen  to  great  distances.  They  renew  the  air 
of  cities ;  and  they  mitigate  the  climates  of  the  north  by 
bringing  to  them  the  heat  of  the  south.  But  for  them  rain 
would  be  unknown  in  the  interior  of  continents,  which  would 
be  transfonued  into  arid  deserts. 

DIRECTION  OF  THE  WINDS. — To  indicate  the  di- 
rection of  the  winds,  the  four  cardinal  points  would  be  in- 
sutlicicnt.  The  horizon  is,  therefore,  divided  into  eight  equal 
parts,  and  the  wind  is  designated  by  giving  it  the  name  of 
the  points  of  the  horizon  whence  it  blows.  The  eight  Idnds 
of  winds  are  northy  north-east,  east,  souJUi'east,  south,  sovth" 
iccst,  west,  and  north- west. 

In  meteorological  registers,  we  merely  write  the  initial 
of  these  words,  that  is:  N.,  N.E.,  E.,  S.E.,  S.,  S.W.,  W., 
N.  W.  Many  meteorologists  divide  the  horizon  into  sixteen 
equal  ])arts,  and  desi^ate  the  points,  intermediate  between 
the  eiglit  above  mentioned,  by  placing  before  them  the  letters 
!N.  or  S.,  according  as  the  region  whence  the  wind  blows 
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is  placed  between  the  meridian  and  one  of  the  points  K.E., 
K.W.,  S.E.,  S.W. ;  or  the  letters  E.  or  W.,  if  tne  rc'rion  is 
intermediate  between  the  said  points  and  the  line  JB.W., 
which  is  perpendicular  to  the  meridian.  Thus,  the  region 
ritnated  between  the  N.  and  the  N.W.  is  named  the  N.N.  \V. ; 
that  situated  between  the  N  J!,  and  the  E.  will  be  designated 
by  E.N.E.  The  sixteen  points  into  which  the  horizon  is 
divided  are,  therefore,  N.,N.N.E.,  N.E.,  E.N.E.,  E.,  E.S.E., 
SJ:.,  S.S£^  S^  S.S.W.,  S.W.,  W.S.W.,  W.,  W.N.W., 
N.W.,  N^.W.  In  some  particular  cases,  it  is  useful  to  obtain 
a  still  further  approximation.  The  r^on  is  then  described 
by  means  of  the  ordinary  divisions  of  the  circle  into  360°, 
starting  from  the  N.  or  from  the  S.,  and  pointing  out  Avhe- 
ther  the  elevation  is  east  or  west  from  the  meridian.  Thus 
8.  83^  £.  indicates  a  wind  coming  from  a  point  situated  be- 
tween the  £.  and  the  S.  at  83°  from  the  meridian ;  N.  1 2  ^  AV. 
is  a  wind  which  blows  from  a  point  situated  between  the  N« 
and  the  TV.,  but  at  12°  distance  from  the  north. 

Vanes  indicate  the  general  direction  of  the  wind  on  the 
nniaoe  of  the  earth.  They  are  commonly  placed  on  ele- 
vated buildings,  such  as  steeples,  towers,  so  that  small  vari- 
ations, resulting  fVom  accidents  of  the  ground,  may  not  have 
any  action  on  them.  Clouds  indicate  the  direction  of  the 
upper  aerial  currents.  As  it  differs  very  often  from  the  di- 
lectioii  of  the  wind  on  the  surface  of  the  earth,  it  is  well  to 
note  both  in  meteorological  registers. 

VBliOOmr  OF  THS  wind. — ^Thc  unequal  force  of 
the  wind  is  a  fact  of  daily  observation.  We  find  every  con- 
ceivable transition  between  an  almost  insensible  breeze  and 
hurricanes,  which  overthrow  walls,  and  root  up  the  largest 
trees.  According  to  their  rapidity,  the^  are  divided  into 
gentle  wind  (slignt  breeze),  moderate  wind  (brisk  breeze), 
strong  wind  (fresh  breeze),  violent  vnnd  (strong  gale), 
storm  and  tempest.  The  name  of  hurricane  is  given  to 
those  violent  and  continued  tempests  which  are  observed  in 
the  bad  season.  Within  the  tropics  this  word  is  applied  to 
winds  which  have  nothing  in  common  with  our  Euro]>eau 
hurricanes.  In  mean  latitudes,  violent  storms  of  the  liner 
season  are  also  designated  by  this  name. 

For  the  most  part  the  force  of  the  y>'iad  is  estimated  by 
the  sensation  it  produces  on  our  body,  and  is  designated  by 
the  figures  1,  2,  3,  4,  the  wind  No.  4  being  the  most  violent 
of  all.  But,  in  order  to  obtain  exact  measures,  wc  must 
have  recourse  to  an  anemometer.  If  we  suspend  a  surface 
vertically,  in  such  a  manner  that  it  shall  be  perpendicular 
to  the  direction  of  the  wind,  and  shall  be  able  to  turn  around 
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one  of  its  horizontal  edges  as  u[x>n  a  hinge,  the  wind  will 
deviate  it  from  the  vertical :  and,  in  order  to  restore  it  to  its 
foniicr  pof«ition,  a  force  must  be  cmploved,  which  will  be 
greater  as  the  wind  is  stronger.  If  we.  therefore  suspend  a 
wci^'ht,  capable  of  restoring  it  to  its  vertical  position,  to  a 
lever  constituting  a  continuation  of  the  surface,  the  force  of 
tlic  wind  niay  l>e  deduced  firom  the  weight  employed.  At 
first  sight  this  idea  appears  exceedingly  simple ;  it  is,  how- 
ever, verv  difficult  to  put  in  practice.  It  is  better  to  oppose 
to  the  wind  a  hea^'y  plate,  and  to  measure  its  angle  of  de- 
viation from  the  vertical.  One  defect  is  common  to  all 
forms  of  this  apparatus :  it  is,  that  they  can  only  indicate 
the  force  of  the  wind  at  the  moment  of  observation ;  and,  in 
onlor  to  obtain  the  mean  velocity  of  the  wind,  it  is  necessary 
to  nLikc  continued  observations. 

Woitmaim's  anemometer  appears  to  me  the  best  ooa- 
t rived  of  all.  Imagine  an  ordiziary  vane,  furnished,  on  the 
side  which  turns  toward  the  wind,  with  an  horisontal  axis, 
carrying  two  small  windmill  saOs.  The  aerial  current  first 
places  the  vane  in  the  proper  direction ;  it  then  seta  these 
sails  in  motion.  The  stronger  the  wind  is,  the  more  rapidly 
do  they  turn.  The  axis  carries  an  endless  screw,  which  oor- 
resjK)nds  with  a  toothed  wheel,  in  order  to  estimate  the  ro- 
tations. K  its  position  is  noted  at  the  commeneemcnt  and 
at  the  end  of  an  obser^^ation,  the  number  of  rotations  made 
in  a  minute  is  easily  calculated.  In  order  to  obtain  ttom 
this  the  velocity  of  tne  wind,  nothinc  more  is  neoesBBzy  than 
to  choose  a  calm  day,  and  to  travel  in  a  carriage  or  on  a 
railway  any  known  distance  in  a  pven  time.  It  is  evident 
that  the  cti'ect  will  be  the  same  as  if  the  air  were  in  motion, 
while  the  instrument  remained  at  rest.  A  table  is  then  con- 
st ructcd,  which  informs  us  of  the  velocity  of  the  wind  which 
turns  the  sails  40.  60.  or  60  times  in  a  minute.  We  might 
nl«)  accurately  regulate  the  instniment.  by  placing  it  on 
an  exposed  plain,  and  obsening  the  distance  per  minute  to 
which  the  wind  carries  light  bodies,  such  as  small  pieces  of 
paiKT,  doi^m,  or  leaves. 

It  would  undoubtedly  be  very  desirable  to  have  a  great 
iiuinlx^r  of  exact  measures  of  the  velocity  of  the  wind ;  but 
serious  difficulties  have,  at  all  times,  enft;ttered  this  class  of 
researches.  Indeed,  the  instrument  ought  to  Ik'  erected  on  a 
va>t  plain,  in  the  open  air  or  on  a  roof,  situations  which  arc 
verv  inconvenient  for  the  ob:?cr>'er.     (  Vitle  Note  B.) 

The  velocity  of  the  higher  aerial  currents  is  measured  by 
the  rapidity  with  which  the  shadow  of  a  cloud  moves  along 
t}ie  surface  of  the  earth. 
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XBAM  DIBECTION  OF  THE  \7XND.->We  will  sup- 

poK  that,  in  a  given  place,  the  force  and  the  direction  of  the 
winds  bavc  been  noted  for  a  certain  time ;  our  first  iuqiiiiy 
diall  be,  as  to  which  wind  has  blown  most  frequently.  W  e 
&1I9  obtain  eight  or  sixteen  numbers,  which  do  not  teach  us 
what  we  desire  to  know ;  but,  if  we  know  how  often  and 
with  what  force  each  of  these  winds  blew,  wc  might  arrive 
M  a  positive  resolt.  Indeed,  each  wind  drives  through  the 
^aoe  where  the  observer  dwells  a  mass  of  air  derived  from 
ue  region  whence  itccnnes.  The  velocities  being  equal,  this 
mass  of  air  is  m^atcr  in  proportion  as  the  wind  has  pre- 
vailed longer.  If  the  winu  is  succeeded  by  another  blowing 
in  a  diametrically  opposite  direction,  the  same  mass  of  air 
will  be  brought  back.  As  the  velocity  of  winds  is  rarely 
estimated,  we  are  compelled  to  take  account  of  their  fre- 
quency onlv,  and  to  suppose  their  force  equal.  Let  us  sup- 
pose tnen  tliat,  in  a  given  place,  the  north  wind  has  blown 
thirty  times  and  the  south  wind  tw^enty  times ;  the  former 
will  have  brought  with  it  a  mass  of  air,  which  we  may  do- 
ugaate  by  thirty ;  but  the  south  wind  has  taken  back  two- 
thirds  01  this  mass,  or  twenty ;  and  the  definite  result  is  the 
Mme  39  if  the  north  wind  had  blown  .'^O — 20,  or  ten  times. 
If  the  north  wind  and  the  cast  wind  had  each  blown  twenty 
times,  the  result  would  have  been  the  same  as  if  the  ^vind 
bad  blown  from  the  N.E.  By  considering  the  winds  in  this 
way,  as  forces  which  set  the  air  in  motion,  we  may  seek  after 
their  mnltant  according  to  the  laws  of  mechamcs,  and  wc 
thna  obtain  the  mean  direction  of  the  wind.  But  wc  have 
to  determine  not  only  the  direction,  but  also  the  force  of  this 
jesnltant.  To  arrive  at  this,  let  us  suppose  that  the  sum  of 
the  observed  directions  amounts  to  1000,  and  let  us  divide 
the  velocity  calculated  for  the  mean  direction  of  the  wind  by 
this  number.  If,  then,  we  find  that,  at  a  given  place,  the 
mean  direction  of  the  wind  is  S.  (13^  "W.,  and  its  force  I's, 
it  means  that  the  thousand  winds,  which  have  been  noted  at 
this  spot,  have  acted  in  displacing  the  atmosphere,  preciijcly 
in  the  same  manner  as  if  the  S.  63°  AV.  wind  had  blown  168 


*  Tliiv  tnenn  direction  may  bo  cosily  obtained  by  a  general  formula.  On  a 
eompan  card,  draw  a  radliu  from  the  centre  to  the  iKiint  of  the  ciroum- 
ftfcnoe,  whence  the  wind  cumca,  and  agree  to  designate  thi«  direction  by  the 
4iiglc  (admuth)  which  this  line  ntakes  with  the  meridian,  calculating  from 
Ibe  north  toward  the  east.  The  trigonotnctric  tangent  of  this  angle  will  be 
firen  bj  the  formula 

E.-W.+  i^'J(N.E.+S.E.-N.W.-8.W.) 
N.-8.+  i^'i  (N.K.+N.W.-S.E.-S.W. 
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This  is  Lambert's  method.  M.  Stfhovw  seeks  the  nu- 
meric relation  between  the  east  (NJ!.,  £.,  SJS.)  and  the  west 
winds  (N.W^  N^  S.W.),  and  that  between  the  north 
(N.W.,  N^  N.£.)  and  the  south  (S.W.,  a,  S JL)  winds. 
If,  at  the  same  plaoe  and  in  a  given  time,  the  winds  haye 
blown  as  follows :  the  N.  84  times;  NJS.  98 ;  £.  119 ;  SJL 
87;  S.  97;  S.W.  185;  W.  198;  N.W.  131;  and  we  si^ 
pose  that  the  total  number  of  winds  is  1000 ;  we  shdl  find 
that  the  total  number  of  east  winds  has  been 

98  -h  119-1-    87  =  304; 
that  of  west  winds, 

185  +  198  +  131  =  514; 
that  of  north  winds, 

131  +    9d+    84  =  313; 
and,  lastly,  that  of  south  winds, 

87  -f-    97  +  185  =  369. 

We  find,  therefore,  for  this  locali^,  that  the  fireqaen^ 
of  east  winds  is  to  that  of  west  winds  as  304  :  514,  or  as 
1  :  1,69 ;  and  the  frequency  of  north  to  that  of  south  winds 
is  as  313  :  369 ;  or  as  1  :  1,18.  So  that  the  firequen^  of 
south  and  of  west  winds  is  sujperior  to  that  of  north  and  ct 
east  winds.  The  same  result  is  obtained  by  LMBbarfs  me- 
thod ;  which,  in  the  preceding  example,  gives  S.  76^  W.  for 
the  direction,  and  177  for  the  mean  force  of  the  wind. 

CAUSES  or  vriNDS. — ^As  currents  are  always  pro- 
duced by  a  disturbance  of  equilibrium  in  the  state  oT  the 
atmosphere,  it  would  seem,  at  first  sight,  that  they  nmst 
needs  recognise  an  infinite  number  of  causes.  But  a  more 
detailed  aiudysis  shews  that  all  these  causes  are  dednoble 
to  differences  of  temperature  between  neighbouring  countries. 
Suppose  that  two  columns  of  air  have  the  same  temper- 
ature throughout  their  entire  height,  they  would  be  m  a^w- 
Ubrio :  but  if  the  earth,  on  which  they  rest,  were  unequally 
heated,  the  equilibrium  would  be  destroyed. 

Throwing  out  of  the  account  the  sphericity  of  the  globe» 
suppose  that  the  air  has  Uie  same  density  throughout  its 

where  we  repreient  the  number  of  timef  that  each  oorretpooding  irind  haf 
blown  in  a  total  of  1000  times,  by  N.,  N.E^  E.,  &c. 

When  this  angle  is  once  obtained,  the  product  of  the  denominator  of  the 
aboTc  fraction,  by  the  trigonometric  secant  of  the  same  angle,  wfll  give  the 
general  resultant  of  Uie  ii^d. 

The  result  of  these  calculations  Is  not  rery  accurate,  as,  Ibr  want  of  ooo- 
Tenient  and  exact  initruroents,  fitted  to  measure  the  Telocity  of  the  wind, 
we  are  obliged  to  suppose  that  each  kind  of  wind  has  blown  with  the 
mean  Telocity.— M. 


entire  beicbl,  and  (bat  its  upper  limit  is  clearly  determined. 
Let  AB  (pi.  II.  fig.  1)  reprtsent  the  surface  of  the  earth, 
wd  CD  Ot<!  limit  of  the  atmosphere,  parallel  to  AI).  K 
the  whole  surface  AB  were  cquaLy  heated,  the  air  would 
trpftDd  »nd  remove  the  limit  CD  further  from  the  earth, 
Boi,  if  the  portion  EF  is  heated,  while  AE  and  i'B  prcscn-e 
the  saiae  temperature,  then  the  column  of  air  EI^LL  will 
uisnd.  and  its  upper  limit  will  be  more  elevated  in  GH 
than  in  IL  for  example.  >a  drop  of  water,  vtbea 

it  liJls  on  a  liquid  surfact  |ually  in  all  directioos, 

Ki  also  the  drop  of  air  si  _^  ^.^een  Gil  and  IL  passes 
■way  iu  all  directions  ai  oduces  winds,  which,  as  the 
upper  arrow  indicates,  hie  m  the  hot  towards  the  colder 
counlric*. 

Whilst  these  phenonii  re  Koinc  on  in  the  higher  re- 
gions of  th«  atmosphere,  aquilibnum  is  also  destroyed 
St  the  iL-vel  of  the  ^oi  » ,  the  weight  of  the  columns 
ACIE  and  FBLD  berag  uicreased  bj;  the  whole  weight  of 
air,  which  has  been  diffused  over  their  upper  eurl'ace,  this 
mcrcBse  of  weight  is  communicated  in  all  directions  with  a 
ftctlity  beorinc  proportion  lo  the  comparative  diminution  of 
tte  column,  wnich  bos  £F  for  the  base.  Like  as  air  com- 
pcaecd  in  a  ^lobe  rushes  out  as  soon  as  an  opening  is  made, 
■ft  does  the  air  flow  ai>^y  from  the  colder  towards  the  bolter 
Rpons,  in  the  direction  of  the  lower  arrows. 

If  Uie  re^on  EF  is  considerably  cooled,  the  atmosphere 
ntnated  above  it  would  contract;  and  the  columns  of  air 
AE  and  FB  would  pass  towards  EF,  whilst  two  inverse 
cnrrcnls  would  lake  place  at  the  aurface  of  the  globe.  The 
combination  of  these  lacta  leads  to  the  following  conclu- 

Iftiri>  iieighlKniring  rfgioiu  are  uneijuaUy  heated,  there  U 
fmaiu-ed.  m  the  upper  tirala,  a  mud  bhut'og  frtim  the  hotter 
to  the  colder  regiou ;  arid,  ul  the  tmjace  (if  the  aoU,  a  contrary 

Xhb  is  the  cause  of  the  winds  that  we  observe.  The 
Bttle  experiment  which  follows,  and  which  is  due  to  Frank- 
ua,  very  well  represents  what  takes  place  in  the  atmo- 
i^ere.  Open  in  winter  a  door  communicating  between  a 
hot  and  a  cold  room,  there  will  be  two  currents:  the  one 
above^aod  directed  from  the  hot  to  the  cold  apartment^  the 
other  below,  and  in  a  contrary  direction. 

To  be  convinced  of  this,  it  is  only  necessary  to  place  two 

'  >or,  the  one  high   up  and  the  other  low 

Df  the  former  wdl  he  directed  from  within 

he  latter  in  the  contrary  direction.    Somi;- 

C2 
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limes  these  two  currents  exist  above  and  below  a  pane  of 
^lass  -when  im^rfectly  puttied  in ;  and  we  obeerve,  in 
Avi liter,  that  a  thicker  layer  of  ice  is  accumulated  at  its  lower 
part.  In  a  chimney  aiid  in  a  lamp-glass  an  ascending  cur- 
rent is  kept  up,  which  feeds  the  flame ;  and  this  current  is 
stronger  as  the  sides  of  the  chimney -funnel  or  the  lamp« 
glass  are  more  heated.* 

Some  philosophers  have  endeavoured  to  And  in  the  ter- 
restrial globe  it  self  the  cause  of  all  the  winds.  In  mountains, 
snA'  they,  the  winds  are  more  violent,  because  they  escape 
more  ea:<ily  from  the  bosom  of  the  earth.  But,  although 
winds  may  l)C  stronger  in  mountainous  countries,  this  is 
merely  because  the  valleys  and  the  summits  determine  local 
currents,  the  velocity  of  which  is  added  to  that  of  the  prin- 
cipal wind.  If  violent  south  winds  prevail  in  the  midale  of 
KiiroiK?,  tliey  acquire  a  violence,  of  which  we  can  form  no 
id'.n.  in  the  vallc\-s  of  the  Swiss  Alps,  where  they  are  known 
by  the  name  of foen.f  Water  conducts  itself  m  the  same 
iiianner,  when  the  bed  of  a  river  becomes  narrow,  or  studded 
with  rocks :  rapid  currents  rush  in  all  directions  among  the 
rock?,  even  where  the  water,  a  few  metres  higher  up,  pre- 
serves its  tranquillity.  De  Satuisore  has  likewise  ol»er>'ed 
on  the  Alps  alternations  of  calm  and  very  violent  gales. 

Some  philosophers  have  also  laid  stress  uiran  a  fact  well 
known  to  miners.  During  and  before  violent  tempests  they 
have  ol)ser\'ed  ycry  strong  ascending  airrents :  but  it  must 
not  be  forgotten  that  storms  are  almost  always  preceded,  or 
accompanied,  by  a  great  fall  in  the  barometric  column.  The 
atmosplieric  pressure  becoming  less,  the  air  in  the  bowels  of 
the  earth  expands,  and  ascends  to  the  snriacc.  This  phe- 
nomenon reminds  one  of  the  experiment  which  has  often 
bucn  made  with  the  air-pump.    Place  under  the  receiver  a 

'  The  wiD(l4  pnxliiccd  in  this  way  Itare  b«en  oallcJ  triitds  of  atpiratiom. 
Tho  f'lllov^iiiir  isa  I'diiarkablc  example.  On  the  loth  of  November,  1*42, 
the  corvette. 'Coi|iiille,  coniDiaDi1e<l  by  Captaiu  DcpxaRET.  was  auddenly 
a>Nai1od  by  a  jHitnut'ro,  a  wiiid  of  frequent  occurrence  at  the  nurath  of  the 
R:i>  lo  la  Plata,  althtniKh  it  waa  more  than  1000  kilometres  E.N.E.  of  tbia 
larituile.  The  circunirtance,  which  icrvefl  to  characteriw  this  wind  coming 
fi-i'ui  the  lan«l,  as  a  wind  of  aspiration,  occasioned  by  a  rarefaction  of  the  at- 
nlu^phl!re  of  the  sea,  i»,  that  at  the  moment  when  it  waii  felt  there  wa^  a  rapid 
fall  of  the  barometer.    (Ctimpt  s  reudu*  de  fAcadrmu'  des  Scintcrt,  X.  vU. 

1=.  r.i-.».>— M. 

t  1  was  at  Gnmlelwald,  in  the  canton  of  Berne,  during  the  night  of  the 
ITth  or  l^th  of  July,  1S41.  In  the  evening  a  hot  wind  began  to  blow  in  the 
valk'v :  it  entered  by  the  hollow  which  separates  the  Eiger  from  Metten- 
lii-nc.  Its  violence  continued  ineroasing  during  the  night,  and  the  following 
n.nniing  nothing  wa.«Tisible  on  all  sides  but  trees  uprooted  or  broken,  and 
nirifv  carried  away,  and  transported  to  great  (Ustances.  A  Taat  quantity  of 
fra>mieDtK  of  ice,  detached  from  the  lower  glacier  of  (irindelwald,  were 
str.uiJcd  in  the  bed  or  on  the  banks  of  the  black  LutscUnc.— M. 


The  riolent  tempertB,  which  frequently  sccompsny  vol- 
omk  emptioiis.  are  a  tut  Rrpimcnl  invoked  by  some  autbon, 
BbI  this  cotandcDce  is  explained  in  n  very  simple  manner ; 
to  wit,  thf  heat  of  the  volcano  determines  an  ascendin"  cur- 
rrnt,  and  the  eool  air  rushfs  from  all  sides  townruf  the 
The  winds,  ihcrcTore,  hate  a  direction  the  direct 
r>  that  which  thi  nanld  have  if  theyeficaped  from 
of  ihc  volcano. 

DIFFCKEMCBS  PKl  ^RKTBD  BV  THE  WINDB  IN 
THB   DIPTBBBNT   RS>         IS    OF    THB   OI-OBE.  — OtI 

examiiun^  the  winds  io  all  »  of  the  world,  we  find  import- 
iM  dii^nencM.  which  si  ,  to  characterif*  the  climates. 
On  the  sea-shore,  c^pcc  y  ivithln  the  tropics,  «  veiy 
regular  penod  i»  obaen       every  day.      At  certain  de- 

brvcie :  at  atitei  hoiin  the  wind  comes  from  the  land.  In 
the  Aitantie,  and  the  great  ocean  along  the  equatorial  line, 
the  winds  blow  almost  all  the  year  from  the  tame  point  of 
the  hortRon  ;  those  which  come  from  the  east  are  culled 
tradr-vrimit.  !a  India  and  the  neighbouring  seas,  an  annual 
period  is  ohierred  in  the  direction  of  the  wind.  For  six 
months  the  wind  Mows  constantly  from  one  point  of  the 
horiion.  and  for  the  other  six  months  from  another  point. 
IhcM  Yttriable  winds  are  called  nwinroniM.  In  the  higher 
Mtudes,  all  the  winds  are  variable,  and  the  same  wind 
xldom  lasts  for  several  sucecsnive  days. 

UUn>-WIHDS  AND  8BA-BBEEZBB.  — On  Coasts, 
when  ihe  weather  a  calm,  no  movement  is  percdved  in  the 
air  until  dght  or  nine  o'clock  in  the  morning,  but  at  that 
time  a  Ma-breeze  gradually  rises.  It  is  at  fii^t  gentle,  and 
is  linuted  to  a  small  space :  it  Gradually  increases  in  force 
ind  in  extent  lutti!  three  o'clock  in  the  afleraoon.  then  it 
flu  II  Ml  II  to  give  place  to  tlie  land-wind,  which  riseii  soon 
tfier  «>nuet.  and  attains  its  mKrimmti  of  velocity  and  extent 
tt  the  moment  when  this  body  rises. 

The  diivctjon  of  these  two  breezes  is  perpendicular  to 

ibst  of  the  coast,  hut  if  anotberwind  blows  at  tne  same  time 

it  is  modified  in  various  ways.    If  the  east  wind  blows  new 

sa  Uand.  the  sea-breeze  will  be  stronger  on  tlie  east  coast  of 

the  island,  and  the  land-wind  will  Lie  weak;  on  the  west 

ade.  on  the  contrary,  the  land-wind  will  be  stronger  than 

..     On  the  south  coast  the  direction   of  the 

ot  be  normal  to  that  of  the  coast ;  the  Innd- 

nr  from  the  S.E.  at  the  time  of  its  greatest 
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violence,  and  the  sea-breeze  from  the  N£  In  the  eonnc 
of  the  day  the  wind  will  take  all  the  intermediate  direetioiia 
In  the  boSsom  of  gulfs  the  sea-brceieB  are  very  weak,  on  pro- 
montories the  limd-breezes  are  weak.  These  breeies  ezisl 
between  the  tropics,  and  some  traces  of  them  baye  eren  been 
noticed  in  Greenland. 

The  alternation  of  these  winds  is  explained  b^  the  mi- 
equal  heating  of  the  land  and  of  the  sea.  About  nme  o'clock 
in  the  mormng  the  temperature  is  nearly  the  same  on  tlic 
land  and  the  sea,  and  the  air  is  in  a  state  of  equilibrinm.  In 
proportion  as  the  sun  rises  above  the  horiaon,  the  euih 
becomes  moro  heated  than  the  water;  and  hence  then 
results  an  upper  land-wind,  which  u  recocnised  b^  the 
motion  of  elevated  clouds,  and  a  sea-breeze  blowing  m  the 
contrary  direction.  At  the  time  of  the  nwunniiaii  tempeim- 
turc  of  the  day  this  breeze  acquires  its  greatest  foroe ;  but, 
towards  evening,  the  air  on  the  land  becomes  cool,  and,  «l 
sunset,  it  has  tne  same  temperaturo  as  the  sea  air.  Tbk 
causes  a  few  hours  of  perfect  calm.  During  the  night  thi 
land  becomes  colder  than  the  sea,  and  a  land-wind  prevaila 
the  maximum  force  of  which  coincides  with  the  time  of  thi 
minimum  temperature  of  the  twenty-four  houra,  which  ii 
likewise  that  at  which  the  difference  of  temperature  between 
the  earth  and  the  sea  is  at  its  extreme.* 


*  M.  Formitrr  has  shewn  that  there  exiat  in  mount^m  day  and  nighl 
breezes  analogous  to  those  of  the  land  and  sea.  The  fbUowing  la  the  waam 
niary  of  this  memoir,  as  g^ren  by  the  author  himself:  — 

1  St.  The  asperities  of  the  soil  dally  determine  an  atmosi^ieric  flas  and  re 
flux,  which  is  betrayed  by  ascending  and  descending  breeset,  <v  winda*  kaown 
from  time  immemorial,  in  certain  localities,  under  the  namea  of  Itelrmd 
pontias,  resim^t  tolore,  wmdrrou,  rrbaSt  tm<  du  Mont  Blanc,  abmp  4m  went. 

'Jd.  These  currents  of  tAr  obtain  the  highest  degree  of  derelopcaDaaA  fa 
the  hollows  of  valleys,  without,  however,  being  peculiar  to  these  tmiatlimt 
for  they  are  manifested  along  the  entire  slopes,  and  the  cnrrent  of  Tallays  h 
nothing  more  than  the  result  of  ascensions,  and  lateral  and  partial  raarailoi 
(valleys  of  Cogne,  Aoete,  Quarazza,  plain  of  St.  Symphwlen,  Pilaie,  Chtmf} 

3d.  The  passage  from  the  flux  to  the  reflux  and  the  converae  la  r^ld  ii 
narrow  gorges,  which,  after  a  short  passage,  tend  toward  elevated  ■«*— »<fe 
(valleys  of  Anzasca,  Sesia,  Visbach,  Trient,  Cogne,  Val-Megnicr,  Marttgqj 
Simplon) :  it  is  slower  in  the  general  basins,  where  the  Hax  ia  usually  aol 
fairly  established  until  ten  o'clock  in  the  morning,  and  where  the  reflux  doa 
not  commence  regularly  until  about  nine  in  the  evening  (valleya  of  Oier 
Azergue,  Brevanne,  Arc,  Aoete,  Foccla,  Upper  Rhone).  The  faitcrva 
between  the  ascending  and  descending  tides  is  occupied  by  alternate  oacU' 
lations,  or  redundances.  The  hour  of  this  critical  moment  varies  with  thi 
seasons,  and  also  with  other  accidental  meteorological  circumatancea  (vaUtji 
of  Aoste,  Maurienne,  Nyons,  Gier). 

4th.  The  winds  of  valleys  are  regular  in  regular  valleys,  but  preaeni 
accidents  towards  their  branchings  off;  these  irregularities  may  be  mani< 
fcstod,  accor^ng  to  the  mode  in  which  the  valleys  unite,  either  in  tlM 
diurnal  period  (Martisny,  Aonte),  or  in  the  nocturnal  period  ( Verrea,  Baii< 
nio,  St.  Jean  de  Maurienne,  Hartigny.  Firminy). 

5th.  The  conflguratloD  of  the  upper  paru  of  valleya  taerdiea  a  aUl 
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-  Few  phenomena  excited  so  much 
Ktonisbmetit  among  the  earlj-  navigators,  who,  in  the 
fiReentli  century,  ventured  into  the  Atlantic  Ocean,  as  the 
(act  winds,  which  regularly  blew  within  the  tropics.  The 
tampanioDs  of  Colnmbna  weic  struck  with  terror,  when 
Ihc^  found  themselves  driven  on  by  continuons  east  winds, 
-i...t.  — ™~i  .„  c — _.,^  them  that  they  would  never  re- 
r  several  ccntuncs,  the  explanation 
at  Iu£t,  HaUer  and  Hadley  pro* 


which  Beamed  ta  forewar 
tnm  to  their  country.  Fi 
ma  sought  after  in  vain 
poted  tl^  following  theoi 

The  rcffiona  borderio)  'n  the  equator 
Ibe  earth,  Tiecause  the  au 
Knith;  bu[,Ktting  out 
gDca  on  diminishing,  in  p 
There  is,  therefore,  fori 
equator  toward  the  two 
polca  to  the  equator. 


the  hottest  on 
great  distance  from  their 
:  these  zones,  the  temperature 
rtion  as  we  approach  the  poles, 
an  upper  current  from  the 
■s,  and  a  lower  one  from  the 
from  the  ])olcs  beconies 


healed  in  the  neiglibourhood  of  the  equator ;  it  ascends  and 

|i  iim  InfluM  aw  tbeH  wiodi  KSBnUiig  to  tha  bfiiin  ud  hskiu  : 
mm  ttrr  trtieauimti  Rian  ehuutcrUUii  bj  dcjlban  bj  night  (Miiu- 
ln«  mm  ta  night  than  bf  di;  (nnifiiaa,  ^imp  dn  m'  at 
«  wlnt«f  vHh  lt>  awmla  mnn  bnonhla  to  ibc  anctui^ 

Btna, mdtr tlili nUUsa, tb» (Illptie^drraiJU, irhkh  tb*  upper  mi 
■B^sal  pan*  of  lb*  Jiunalc  and  mbalpbia  T*n*ri  nnn,  conpcnd  with  ihs 

nUay  of  J«u.  iv  aoinple.  tkaalunudau  fron  hut  IB  odM  u*  to  niddi^ii, 
AittwWiia>«fKI*at*a(i«BUp(rl*iiadIhanlii  a  At  houn,  and  r»i<ers 
Mf  »■  aaao  ta  Dm  nonlng  aiUUDg  let  silk  thtlr  (kehlB,  wbilit  ■  r«v 
tm^tMTtriUlia  IlianwaMtar  1b  tb>  na  Indlcataa  M*  i  It  li  IminBlble 

«lk.  Tk*  •a»ol  of  tiMM  tIdM  li  g«nen£^mwi!^«3M  IB  luM  Til]<7>, 
■4  k  vHkanad  tn  latwal  rpialfliaUoiu  (MMrianpa.  AoUl.  ^oveier, 
ithnOalHiln  bMnowi  a  tnw  vMa,  ccpaUa  of  mpfljtiy  Ursc  dnunds,  or 

TBBlr  film  Uw  oaana  of  Dm  Rbona  i  ind  amuBd  QaMra  tli«  villej 

ka  talanuil  iihUwiptwn  af  Uiat  ciljr.    Hownar,  ttali  tact  miut  bn  vnrifled 


I 
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returns  anew  toward  the  extremities  of  the  temstrnl  axis. 
On  this  principle,  we  oncht  to  find  a  north  wind  in  the 
northern  hemisphere,  and  a  south  wind  in  the  southeni ; 
luit  these  two  aireddons  combine  with  the  motion  of  the 
earth  from  west  to  east,  and  there  results  a  N.£.  wind  in 
one  hemisphere,  and  a  S.E.  wind  in  the  other.  Indeed,  as 
the  diameter  of  the  parallel  circles  continues  diminishing  in 
proportion  as  we  recede  from  the  equator,  and  as  all  the 
points  situated  in  the  same  meridian  turn  round  the  axis  of 
the  earth  in  twenty-four  hours,  it  follows  that  they  move 
with  a  velocity  much  greater,  as  they  are  nearer  to  the 
equinoctial  line.  But  the  masses  of  air  which  flow  from  the 
north  toward  the  equator  have  an  acquired  velocity  less 
than  that  of  the  region  toward  which  they  are  directed* 
They,  therefore,  turn  more  slowly  than  do  the  points  sita- 
ated'  near  the  equator,  and  they  oppose  to  the  devaled 


of  floating.  Thus  it  is  that,  according  to  cireamstuieM,  moke,  ani  ( 
cially  vap<>ur  of  water,  condense  daring  the  day  around  loftj  peaks  (Ymlleji 
of  Aostc,  Maurienne,  OsseU,  Anzasca,  Sesia,  rale  of  lUiers,  Col  dn  Ofut) ; 
whonce  it  follows  that  the  air  dries  during  the  niglit,  and  h imams  Bwlit 
duriiijt  the  day,  on  these  heights :  while  the  fairerse  effect  takca  place  aft 
night  in  hollows  (Genera,  Col  du  G^ant,  St.  PanI).  It  b  ee^  to  see  from  this 
that  these  tides  must  play  an  important  part  in  the  derelopement  of  [ 
cloudft,  and  in  the  phenomena  of  the  distrUraticm  of  rains  and  stonns. 

<jth.  The  hot  idr  of  the  plains,  ascending  daring  the  dur,  toids  to 
the  valleys  and  summits ;  but  this  effect  is  partly  ooonteraialaneed  bgr  the 
cvai>oration  which  it  occasions,  so  that  it  may  become  dry  and  oold  (]fei> 
rieniic) :  on  the  other  hand,  the  night  breese  tendi  to  cool  the  TaDciya.  bj 
brinidng  down  the  cold  of  the  upper  regions ;  hence  the  explanatiaD  of  the 
sudiicn  coolness  occasioned  by  the  altnq>  du  emf,  the  coogelatioaa  of  watetr 
vapour  occasioned  by  the  pontku^  the  spring  fktMta,  wnich,  at  aa  eonu 
radiation,  alfect  more  particularly  the  Tcgetatlon  of  the  TaOeyi.  We  n^ght 
even  And  in  this  effect  the  explanation  of  smne  of  the  anomaliea  of  tem- 
(lerature,  which  travelers  bare  recognised  at  different  heig^its  on  the  ride  of 
mountains. 

10th.  The  general  upper  winds  might,  under  certain  drcnmstanMi,  ikar 
the  aerial  ware  or  ebb  (3Iaurienne,  Aoste,  Ossola,  Martigny,  Bfont  Ceois)* 
or  fvcn  complicate  them  (Cogne) ;  but  their  effect  is  not  always  snfllclaiiUj 
p4.>werful  to  destroy  them  entu«ly  (Mcmt  Tharbor,  Tale  of  Sesia) :  siinnVhw 
they  produce  a  dead  calm  (Tarentaiw).  It  follows  from  thb  that  the 
prognostics  of  fine  weather,  deduced  flrom  the  regnlarity  in  the  beha;rtoar  of 
breezes,  are  often  contradicted  by  experience  (^Iley  of  Br#?enne,  Gbes^y* 
Be.x).  However,  we  may  say  that  the  destracti(m  of  the  carrenta  ia  | 
rally  followed  by  rain  (Manriennc). 

1 1  th.  Finally,  circumstances  of  local  temperatore  may  also  nalUiy ; 
tain  breezes ;  thus  it  is  that  the  pontfas  ceases  to  blow  when,  daring  the 
t>hort  interval  of  sanuner  nights,  the  earth,  heated  by  a  homing  nuip  haa  not 
time  to  become  safllciently  cool. 

M.  FocaxET  ex|dains  these  alternations  of  ascending  diamal  ciuieatiL 
and  descending  nocturnal  cturents,  by  the  heating  of  sammits  by  the  rWng 
ran.  which  detennines  an  ascending  current;  whilst  the  heating  of  the 
plain,  which  is  greater  daring  the  day  than  that  of  the  moantain,  deteimlnse 
a  descending  current  towards  evening.  I  am  the  more  indnced  to  admh  tUa 
explanation,  as  it  fottows,  from  the  experiment  made  durtng  the  mnnm^  of 
1K42,  at  the  summit  of  the  Faulhom,  by  M.  BaxvAis,  that  the  mra*  beati^of 
the  surface  of  the  soil  during  the  day  is  sensibly  equal  to  that  of  the  amifta— t 
of  the  air  (Vide  Aumalet  de  Ckimie  ct  dc  Pk^tifmc,  t.  Ixxiv.  p.  817 .  1640).— M. 
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cf  llie  Mutee  of  the  ^be  a  reflutance  analogous 
h  that  of  mnvU-cMiied  N.E.  wind.  For  the  aune  reason 
Ihfr  taid»-ifiiid  of  the  aoatiiem  hemis^iere  Uo¥r8  from 
theas. 

Ota  i|i|BPnafaiing  tibe  eqnato*  from  the  parallel  of  30^, 
fev  cbai^ei  an  ooaerved  in  the  du^ctkm  of  the  winds ; 
Aiy  vary  flrant  N JUJB.  to  N JB.  or  £ Jf  JL ;  and  in  the 
arithbuuilieud  of  the  equator  they  are  £.  It  is,  in  fact, 
il  md  eqiHler  that  tiie  motion  by  the  earth's  rotation  is 
■oat  laniA;  and  thero  it  is  that  the  masiei  of  air  remain 
■oat  btmhiJhand,  and  <mose  the  greatest  resiatance :  it  ia 
m  lUa  Bm^  rim,  that  tne  trade-winds  fkom  both  hemi- 
ipheNi  BNaCi  and  as  one  oomea  from  the  KJBL,  and  the 
fdicr  from  tbe  SJB^  an  east  wind  is  the  result ;  aa  when  one 
Wliwaiian  ii  net  by  another,  it  takes  a  direction  interme- 
diila  httmm  that  of  the  two  balls.  The  trade-winds  of 
our  hmkf^btte  also  aflect  all  the  directions  comprised  be- 
twecQ  SL  and  KTJN'JB. 

hk  the  apper  reopens  of  the  atmosphere,  there  also  exist 
eoDSlaBteanents;  m  the  northern  hemisphere  the  heated 
air  If  determined  toward  the  north ;  and,  in  proportion  as  it 
advaueet  toward  the  pole,  it  gets  more  and  more  in  advance 
of  the  earth  in  its  rotatory  motion.  The  combination  of 
ttab  motion  from  the  west  toward  the  east,  with  the 
urfanenlial  dhection  from  south  to  north,  ^yes  rise  to  a 
8.W.  frind.  For  the  same  reason  a  N. W.  wind  is  observed 
la  the  vpper  currents  of  the  southern  hemisphere. 

TBAOB-^WINDS  OF  THE  OBSAT  OOBAH.— Bounded 

on  one  ale  by  the  western  coast  of  America,  and  on  the  other 
by  'Ae  walcm  coast  of  New  Holland,  sprinkled  merely  with 
groups  of  islands,  this  sea  presents  us  with  the  greatest 
a  of  water  on  our  elobe.  The  N.£.  trad»-wind  blows 
regularly  at  some  distance  from  the  earth,  between  the 
eaoator  and  the  northern  tropical  drde.  To  the  credit  of 
tw  wind  it  is  that  the  Spamsh  ealleons  alwi^  went  direct 
from  Aeapaleo  to  Manilla,  witnout  wandering  from  their 
note ;  and  thus  they  did  not  discover  a  multitude  of  islands 
wUeh  have  ahice  been  seen.  The  northern  limit  of  this 
trade -wind  advances,  during  the  summer  of  our  hemi- 
sphere, toward  the  north  pole,  and  retreats  during  our 
winter ;  aooordii^  as  our  hemisphere  is  hotter  or  colder  than 
tte  ofipoaite  hemisphere.  The  N.E.  trade-wind  nurv  be  said 
to  nceraQ  between  the  2d  and  the  25th  degree  of  N.  lati- 
tat; the  S.E.  trade-wind  also  blows  regularly  on  the  south 
ef  ttie  equator ;  its  limits  are  not  so  well  known,  but  we 
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shall  not  be  far  from  the  truth  in  sayinff  that  it  extends 
from  the  10th  to  the  2l8t  d^ree  of  south  utitude. 

These  winds  rei^  over  uie  whole  extent  of  this  sea,  as 
far  as  the  Philippmes  and  New  Holland;  bat  they  are 
only  found  at  a  certain  distance  from  the  American  coast. 
In  the  belt,  from  2<'  N.  to  2°  S.,  which  separates  the  two 
trade- winds,  the  air  is  most  highly  heated ;  and  it  rises  with 
such  force,  that  it  neutralises  the  horizontal  motion.  So 
that,  in  this  belt^  the  dead  calm  is  only  disturbed  by  stonns, 
which  the  Spaniards  and  Portuguese  term  tanudoi  or 
travados.  We  will  call  this  belt  the  rtgumofcdbu;  and 
we  shall  see  that  torrents  of  rain,  and  aunost  daily  stonns, 
joined  to  the  causes  mentioned,  are  opposed  to  the  establish* 
ment  there  of  regular  winds. 

T&ADB-VriHDS    OF   THB  ATIiAMTIO    OOBAIf. — 

Navigators  who  traverse  these  seas  in  all  directkms  have 
fixed  their  limits  with  great  precision.  In  the  north,  the 
N.E.  trade-wind  does  not  prevail  beyond  the  28th  or  30th 
d^ree.  Its  southern  limit  is  at  a  mean  8°  N. ;  then  comes 
the  r^on  of  cahns,  extending  to  3°  N.,  whence  commences 
the  S.£.  trade- wind,  which  extends  onvrard  to  28°  of  soudi 
latitude.  The  extent  of  the  region  of  calms  also  depends  on 
the  season ;  in  August  it  extends  from  3°  15'  N.  to  13°  N.; 
in  February,  from  1°  15'  N.  to  6°  N. 

In  this  sea  the  S.E.  trade-wind  always  extends  to  the 
north  of  the  equator.  M.  PreTost  thought  of  explaining 
this  anomaly  by  remarking  that  the  southern  hemiq^here  is 
colder  than  ours ;  the  region  of  calms  being,  in  his  opinion, 
limited  by  two  bands,  the  mean  temperature  of  which  ought 
to  be  the  same,  the  S.£.  trade-wind  must  pass  beyond  the 
equator.  This  explanation,  which  vras  very  favourably 
received  at  the  time,  is  subject,  however,  to  retl  difficulties. 
First,  in  the  Great  Ocean  the  equator  forms  the  limit  of  the 
trade-winds ;  then,  if  M.  Prerost's  explanation  were  cor- 
rect, the  following  absurd  consequence  would  follow :  that 
the  winter  of  the  northern  hemisphere  must  be  hotter  than 
the  summer  of  the  southern  hemisphere,  because  in  this 
season  the  S.£.  trade- wind  always  blows  to  the  north  of  the 
equator. 

The  solution  of  this  problem  must  be  sought  where 
M.  ds  Humboldt  seeks  it,  m  the  configuration  of  the  basin 
of  the  Atlantic  Ocean.  The  portion  of  South  America, 
situated  to  the  north  of  the  equator,  presents  to  us  the  lofty 
mountains  of  Columbia,  which  separate  the  sea  from  the 
Antilles  of  the  Great  Ocean.   When  the  sun  is  at  the  south 
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of  the  eqinter,  and,  ooamtqamxOyj  dnriDg  the  winter  of  the 
tuHmnk  hcnd^heie,  these  seas  are  almdy  hottesr  than  the 
catiiient;  but  the  enzient  wfaksh  flows  into  the  sea  of  the 
AalSSkiB,  wad  wfaidi  is»  so  to  speak,  the  oriffin  of  the  Gulf 

defitai  their  tenmerature  still  hi^ber.  This  dr- 
woold  of  itselz  be  soflkient  to  determine  a 

of  afar  from  the  sooth  to  the  novth,  idiieh,  by  com- 
lUqg  with  the  east  wind,  would  prodnoe  a  S  J2.  wind, 
ftit  would  nentcaliBe  the  NJB.  wind  before  the  latter  had 
nadsBd  the  eqwtor.  Add  to  this,  that  the  general  direction 
ifflie  eoaafcis  Unom  8JL  to  K.W.  whidi  singnkrly  fiiyonrs 
Ae  irin— »r*  of  the  soath«-east  wind. 

WBR   Wnm    OP    TBB    BIOBBm    BBOIOM8.— 

We  hKW  ainady  diewn  thai  this  wind  most  eonstantly 
»fdi&  theJiimer  regions  of  the  atmosphere  within  the 
noploBL  Ike  fiiflowing  prooft  are  still  more  eondnsiye : 
^JhB  InifaaUlnts  of  Barfoadoes,  an  island  dtoated  to  the 
t  ...  ^  ^  chain  of  the  Antilles,  one  day  to  their  great 
dmient  saw  Tolcanic  ashes  fall  tnm  the  tkj.  They 
Unom  the  volcano  of  St.  Vlnoent,  which  is  situated  to 
the  weii  of  their  isle.  These  ashes,  haying  been  launched 
inlo  the  air  as  high  as  to  the  r^on  of  the  upper  current, 
hid  been  trsnsported  by  it  in  ue  direction  mxm  west  to 
csit  At  the  sommit  A  the  peak  of  Teneiifie  almost  all 
iKfelkn  hscve  ibond  west  wmds,  even  while  the  trade- 
wind  was  prerailing  at  the  leyd  of  the  sea.  Paii&dan,  a 
nrHgrtor  w1m>  is  well  acquainted  with  these  localities,  re- 
lirtce  thsi  lltde  doods  often  float  in  a  reyerse  direction  to 
the  tnde-wind ;  and  Bmce  made  the  same  obseryations  in 
AhuasDiia.  A  recent  &ct  confirms  all  the  preceding :  on 
the  S5th  of  Febroary,  1835,  the  ashes  emitted  from  the 
'voleano  of  Codgnina,  in  the  state  of  Gnatimala,  obscured 
die  Ug^  of  the  son  for  flye  days ;  they  mounted  into  the 
rigioii  of  the  upper  trade-wind,  axid  fsH  a  short  time  after- 
wards in  the  street  of  Kingston  in  Jsmaica,  which  is  situated 
to  the  HJB.  of  Gnatimala, 

•wmmm  in  thb  indian  oobam.— The  winds 
whidi  prevail  in  these  latitudes,  being  influenced  by  the 
eonfigiuatioQ  of  the  lands,  present  phenomena  that  are  very 
diflkolt  of  andyais.  The  sea  is  bounded  on  the  west  by 
Africa,  which  extends  from  the  S.S.W.  to  the  N.N.E. 
Sierjr  document,  after  haying  been  subjected  to  severe 
criliCMm  by  Oh.  sitter,  tends  to  shew  that  this  continent  is 
an  deyated  table-Uud,  g£  which  the  first  st^  only  have 
been  explored.  On  the  north  are  situated  Persia  and  Arabia, 
h  mm  two  dightly  elevated  table-lands,  void  of  rivers, 
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aiul  covered  with  nothing  but  a  miserable  vegetation.  On 
t]ic  south  of  these  deserts  of  sand,  the  Indian  peninsola 
advances  into  the  sea  in  a  southerly  direction,  wnilst  it  is 
lH)unded  on  the  north  by  the  Himalaya  Mountains,  covered 
with  perpetual  snow,  and  by  the  table-land  of  Thibet.  The 
coast  of  Malabar  rises  abruptly  from  the  bosom  of  the  ocean, 
whilst  that  of  Coromandel  rises  gradually  above  the  leveL 
The  height  of  the  Indian  table-land  is  eveiy  where  almost 
the  same;  it  is  lovrer,  however,  al^er  passing  the  north 
point  of  the  island  of  Ceylon.  At  the  east  of  the  Bay  of 
JBengal  is  the  Birman  Empire,  the  land  extends  towaid  the 
N.E. ;  the  Chinese  Sea  is  bounded  on  the  north  by  a  chain 
of  mountains,  and  on  the  east  by  the  Archipelago  of  the 
rhilippines.  On  the  south  and  on  the  east  of  the  penmanla 
of  Malacca  are  islands  studded  with  lofty  mountains,  soeh 
as  Sumatra,  Java,  Borneo,  and  the  Celebes.  To  the  sooth 
of  this  group  is  New  Holland,  the  interior  of  which  is  un- 
known ;  but  the  absence  of  rivers  makes  it  fiiir  to  suppose 
that  it  presents  neither  table-land  nor  elevated  chains,  xlie 
dr^-ness  of  the  winds  that  blow  from  the  interior  enables  ns 
to  presume,  also,  that  it  is  not  furnished  with  large  lakes  or 
nimicrcus  ponds. 

This  predominance  of  land,  and  the  difFercnces  of  tem- 
perature constantly  existing  between  it  and  the  sea,  disturb 
the  regularity  of  the  trade-winds.  Regular  winds  prevail 
during  the  winter  and  the  summer,  but  their  direction  is 
not  the  same ;  they  are  known  by  the  name  of  momooms^  a 
word  derived  from  the  Malay,  nunusin,  signifying  season. 

In  elanuary,  the  temperature  of  Southern  Africa  is  at 
its  rtutximiun,  that  of  Asia  at  its  mimmum.  The  northern 
part  of  the  Indian  Ocean  is  hotter  than  the  continent,  bat 
not  so  hot  as  the  soutliem  |iart  of  the  same  ocean  at  a 
biniilar  latitude.  In  lK>th  hemispheres,  therefore,  we  find 
cast  winds  directed  toward  the  hotter  parts.  From  October 
to  April,  the  S.E.  trade-^Nind  prevails  in  the  southern 
hoiiiisplicre ;  the  N.E.  trade-wind  blows  in  the  opposite 
hemisphere,  and  it  obtains  the  name  of  N,JE,  numtoon  ;  be- 
tween the  two  is  the  region  of  calms.  When  the  sun 
advances  toward  the  north,  the  temperature  of  the  con- 
tinent and  that  of  the  sea  tend  to  an  equilibrium ;  so  that, 
about  the  vernal  equinox,  there  cease  to  be  anv  prevailing 
winds  in  the  northern  hemisphere,  but  variable  winds  a£ 
ternate  with  dead  calms  and  hurricanes,  whilst  the  jS'J^. 
monsoon  prevails  throughout  the  year  in  the  southern  hemi- 
>p)iere.  In  proportion  as  the  northern  declination  of  the 
sun  increases,  the  temperature  of  Asia  increases  more  than 
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tbt  of  the  sea,  whilst  it  falls  in  Xcw  Holland  and  in 
Southern  AfHca.  This  difference  of  temperature  attains 
its  maximmn  in  Jnly  and  August^  months  during  which 
constant  sea-breezes  arc  found  in  the  southern  part  of  the 
lodian  Ocean.  On  examining  the  relative  position  of  the 
tiro  continents,  whose  differences  of  temperature  arc  most  dis- 
tinctly marked,  and  reflecting  that  the  masses  of  air  which 
tie  dutant  from  the  equator  must  he  in  advance  of  the 
€irth*8  rotation  in  the  easterly  direction,  we  feel  convinced 
that  this  current  must  come  from  the  S.W. ;  this  monsoon 
alio  prevails  from  the  month  of  April  until  October.  Thus, 
whilst  in  the  southern  hemisphere  the  S.£.  trade-wind 
prevails  throiu^hout  the  year,  on  the  north  of  the  equator 
we  find  the  iv.£.  monsoon  in  winter,  and  the  S.AV^.  in 
smnnier* 

These  winds  penetrate  very  far  into  the  neighbouring 
lands,  but  their  direction  is  changed  by  the  configuration  of 
these  continents.  To  give  an  idea  of  the  direction  which 
they  affect  each  month,  I  here  give  the  results  of  observa- 
tions made  durin&r  eight  years  by  Hardwicke^  at  Duni-diim, 
near  Calcutta.  The  total  number  of  all  the  winds  in  each 
month  is  designated  by  1. 


BKLATXVE  ntEQU£irCT  OF  TUB  A\1XDS,  IN  THE  DIFFEKENT 

MONTHS,  AT  CALCUTTA. 


MOSTTHS. 


January 
February 
March 
April 
May  . 
June 
July. 
August 
September  . 
October .  . 
November  . 
December  . 
Year .    .     . 


K. 


K.E. 


0,238  0,1.12 
0,103|o,122 
0,046,0,075 
0,009  0,033 
0,0040,029 

0  0,030 
0,0080,020 

0  0,073 
0,0210,091 
0,113'0,113 
0,3320,128 
0,295 '0,12G 
0,095,0,079 
I 


E. 


0,066 
0,1.54 
0,079 


S.E. 


0,053 
0,075 
0,176 


0,029|o,163 


s. 


0,037 
0,075 


s.w. 


0,074 
0,117 


w. 


0,118 
0,159 


N.W. 


0,283 
0,196 
0,067 


0,197  0,2810,079 
0,326  0,284  0,1 17]0,0'{S 

0,091-0,226  0,358  0,209  0,049  0,033 


0,244 
0,177 
0,238 
0,207 


0,159 
0,258 
0,226 
0,266 


0,06410,081 
0,021  [0,025 
0,022;0,010 
0,116,0,143 

I 


0,197 
0,198 


0,2500,090 
0,2300,089 


3,117  0,246,0,081 


0,091  0,232  0,071 
0,073  0,165:0,097 
0,004  0,029  0,054 
0  0,014'0,120 
0,14rO,181;0,095  0,150 


0,030 
0,020 
0,020 
0,021 
0,294 
0,407 
0,414 


(Vitle  Appendix, ^jg'.  4.) 


.$,0L^-*%.-^.^V^.^ 


44 


ON  wmM. 


As  a  mean  for  the^hole  year,  the  lower  itnita  of  air  are 
displaced  by  1000  winds  blowing  at  Calcutta,  as  if  IS6  winds 
only  had  blown  from  the  S.  26^  W.  with  the  usual  mean 
force ;  the  other  874  winds  beinff  replaced  by  calm.  This 
direction,  however,  depends  on  uie  seasons ;  lor,  if  we  de- 
duct from  these  quantities  the  direction  and  mutoal  refaUioii 
of  the  winds,  we  construct  the  following  table : — 


DIKBCnOH,  rOBCB,  AND  MEAN  BBLATIOirS  OF  THS  WOOM,  OT 
THE  DIFFEBEKT  MOUTHS,  AT  CAXXJUTTA. 


MONTHS. 

DIBSCTION. 

FOBCB. 

BXLATIOH 

WEST 

TO 
BAST. 

RELATION 
SOUTH 

TO 
irOBTM. 

January  . 
February. 
March.    . 
April  .    . 
^lay    .    . 
June    .    . 
July    .    . 
August     . 
September 
October    . 
November 
December 

N.  23^  W. 
N.37  W. 
S.  10  W. 
S.  17  W. 
S.  12  £. 
S.  11  £. 
S.  12  £. 
S.  25  £. 
S.  31  E. 
N.  46  W. 
N.  19  W. 
N.  25  W. 

0,440 
0,146 
0,380 
0,609 
0,633 
0,453 
0,518 
0,425 
0,403 
0,306 
0,708 
0,726 

1,68 
1,34 
1,29 
1,95 
0,84 
0,85 
0,75 
0,64 
0,58 
2,16 
2,82 
3,47 

0,25 

0,68 

^48 

18,88 

11,11 

10,10 

14,29 

6,33 

4,43 

0,43 

0,07 

0,03 

In  the  winter  months,  then,  we  find  a  marked  pre- 
dominance of  N.W.  winds ;  so  that,  in  December,  the  mean 
direction  is  the  N.N.W.,  as  if  726  winds  out  of  1000  blew  in 
this  direction.  The  predominance  gradually  diminishes: 
even  in  March  the  winds  blow  more  frequently  from  the 
south  than  from  the  north ;  the  west  winds,  however,  still 
retaining  their  superiority  over  those  from  the  east.  This 
relation  ceases,  in  its  turn,  in  proportion  as  the  meridian  al- 
titude of  the  sun  increases ;  and,  at  the  summer  solstice,  the 
wind  blows  from  the  S.S.E.,  a  direction  diametrically  op- 
posed to  that  of  the  winter.    The  ¥rinds  turn  to  the  west 
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ifcufttdwiUnitinn  of  the  fon  ismoreBoiitlierly;  and  in 
virt«  ttey  i0iAi  ntlle,  withoiit  yariatkii,  in  the  we^ 

Ttm  faiflnwifff  of  the  <tpclinetimi  of  the  son  upon  the 
■■■OQiii  M  alio  maniftated,  on  compuinff  the  epochs  at 
vliA  fhef  pnvail  at  diffeient  plaeea.  The  ran  arriying 
Mm  at  tiw  HnKh  of  fdaoea  aitnated  more  northerly,  the 
&W.  wind  abo  hlowi  later  at  those  phoes.  At  Anjengo 
(hL  8*  W  N.),  on  the  coast  of  MaUubar,  it  commences  as 
•uijaa  April  8 ;  at  Bomha:^  (lat.  19^  N.),  not  until  May  15. 
dw  tiaae  at  which  the  sun  is  seen  at  the  aenith  of  these  two 
Li  Azahiai  the  moasoon  appears  a  month  later  than 

the  Qoaafc  of  Africa,  fifteen  or  twenty  days  later  on  the 

■ft  ofCowmandel  than  in  the  northern  part  of  the  island 
efCvrkn. 

I  nave  Tcnr  hriefly  pointed  out  the  general  direction  of 
dieae  winda;  tt  m  singularly  modified  in  the  Tarious  locali- 
ties of  the  gnat  archipelago,  which  is  on  the  east  of  this  sea. 
For  the  nsftgntor,  all  these  details  are  of  the  highest  im- 
portanee;  fiir,  hv  taking  advantage  of  these  wind^  naviga- 
tion  is  rapid  and  easy.  Even  in  the  times  of  remotest  anti- 
quitVv  they  fitvomred  the  communications  which  were  then 
so  Ixequent  between  India  and  Egypt.  At  the  fall  of  the 
lafttn  empire  these  relations  ceasoi,  and  the  tradition  of 
IheK  winoB  was  lost ;  for,  had  they  been  known,  Nearcns 
would  not  have  made  so  long  and  tedious  a  voyage  from  the 
months  of  the  Indus  to  the  bottom  of  the  Persian  Gulf. 

'wnmm  or  tbb  xbditbrraivsan.— This  suc- 
oesnon  of  regular  winds  is  met  with  in  other  countries,  al- 
though it  is  nowhere  so  remarkable  as  in  the  Indian 
Ocean.  However,  tiie  Mediterranean  has  its  monsoons, 
which  were  even  known  by  the  ancients,  who  had  indicated 
their  dependence  on  the  seasons  by  denominating  them 

The  immense  desert  of  Sahara  extends  to  the  south  of  the 
basin  of  the  Mediterranean.  Deprived  of  water,  and  en- 
thdiy  eompoeed  of  sand  and  loose  flints,  it  becomes  very 
h^ly  heated,  under  the  influence  of  an  almost  vertical  sun, 
whikt  the  Mediterranean  preserves  its  ordinary  tempera- 
ture. So  that,  during  winter,  the  air  ascends  above  the 
desert  of  Sahara  with  great  rapiditv,  and,  for  the  most  part, 
pasMs  away  towards  the  north ;  wnUst  lower  down  there  are 
north  wioas,  which  extend  even  as  far  as  Greece  and  Italy. 
In  the  nordi  of  AfHca,  at  Cairo,  Alexandria,  and  other 
places,  accoxding  to  the  unanimous  testimony  of  voyagers, 

*  *Brts,  A  year,  a  wason. 


•tA£'"i-—  .■"*  .'. 


46  ON  WBI]>S. 

none  other  than  north  winds  are  found.  All  naTigators 
know  that,  in  summer,  the  passage  ihim  Europe  to  Africa 
is  much  quicker  than  the  return ;  *  in  winter,  oq  the 
contrary,  when  the  sand  radiates  powerfuUj,  the  air  of  the 
desert  is  colder  than  that  of  the  sea ;  and  m  Egypt  a  very 
cold  south  wind  is  felt,  which  is  not  nearly  so  strong  as  the 
north  winds  of  summer. 

DESCENT    OF    THE    V^8T   "WIITD     FROM    THE 
HIGHER     STRATA     IN     MEAN    IdkTITUDBS.  —  We 

have  already  described  and  pointed  out  the  ezistcnee 
of  this  counter-current  to  the  trade-winds.  In  proportioa 
as  it  arrives  at  the  higher  latitudes,  it  loses  its  velocity 
and  its  heat,  and  descends  at  about  the  30th  parallel.  Tim 
is  the  origin  of  the  S.W.  winds,  which  prevul  even  as 
far  as  the  pole  in  the  northern  hemisphere.  At  sea,  these 
winds  blow  with  so  much  regularity,  tnat  the  voyage  from 
America  to  Europe  is  much  more  easy  than  tne  return. 
Thus,  from  a  mean  of  six  years,  the  packets  calculate  on 
40  days  to  go  from  Liverpool  to  New  York,  and  only  23 
days  to  return  from  Xew  York  to  Liverpool,  f 


*  The  preient  flreqncnc j  of  navigation  between  France  and  AJgicn  lui^ 
for  flomv  yeaiv.  given  us  better  opprirtnnitles  of  appreciating  the  Donaal  state 
of  tlie  windu  in  the  weirtem  part  of  the  Mediterranean  baain.  MorCh  windi 
arc  decidedly  thow  which  predominate.  Thif  frequency  of  DOtth  winds  it 
gathered  from  se%'erai  indications.  Tims,  if  we  compare  the  semi^aMBan  of 
the  outward  and  homeward  trips  between  Toulon  and  Algiers,  we  And  that 
the  homeward  trip  Is  longer  by  one-fuurth  for  a  soling  Teasel,  and  bj  oiie> 
tenth  for  a  steam-vessel.  The  effect  cannot  be  attrilNUed  to  tke  corrents; 
for  they  arc  very  feeble.  Then  all  the  declivity  north  of  the  islands  of 
Majorca  and  Min<Rva,  and  especially  of  the  latter,  is  brushed  with  the  same 
wind,  wliich  occasions  a  very  sensUbe  check  in  v^etaUon.  These  winda 
prevail  at  Algiers  Toulon,  and  Marseilles. 

In  winter  they  attain  their  greatest  violence  between  the  eoait  ef  Pro- 
vence and  that  of  Africa. 

By  the  intervention  of  thcM  north  winds  the  sca-breoae  of  the  ooaits  of 
Ai'rica.  which  results  from  the  thermometric  aspiration  exercised  fhm  the 
north  toward  the  south  by  the  burning  sands  of  Sahiura,  is  associated  with  the 
north  winds  that  prevail  in  Provence,  and  in  the  wliole  of  the  ba^n  ot  the 
Ehono.  We  are,  therefore,  permitted  to  believe  that  all  these  winds  have  a 
common  origin. 

In  summer,  the  prevailUig  wind  of  the  Mediterranean  baifai  ia  the  V.E. 
This  wind  is  probably  nothing  more  than  the  lower  trade- wind.  The  line 
of  marimwti  temperature  is  dirided  by  the  efftect  of  the  son,  at  almit  20^  north 
latitude,  and  it  is  not  astonishing  that  tlie  lower  trade-wind  extendi  Vf  nan 
to  Uie  north ;  but  this  wiiul  is  Car  from  having  tlie  regularity  of  the  trade- 
wind*  of  the  two  oceans. 

The  north  «'ind  also  predominates  in  the  nestem  part  of  the  same  beidn. 
So  that  in  Egypt,  from  the  15th  of  May  to  the  15th  of  October,  the  winds 
constantly  blow  from  the  north  and  the  north-west.  In  the  whiter,  their 
direction'i^  less  constant :  but  the  predominance  of  north  winds  is  stiU  very 
markod.— M. 

t  To  malce  these  calculations  entirely  satisfactory,  the  mean  \-elocity  of 
the  (^it(fStrt'iinif  which  favours  the  return  to  Europe,  should  be  taken  into 
account. 
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Tkm  N.S.  tnfe'Wiiid  advanoet  more  towndi  the  north 
■the  Aftlantie  Oeem  in  fiiiiiiiier  than  in  winter.  Thus  the 
jhiiialiuuii  of  HaiiM^LMi,  who  ahode  seyeral  years  at 
lUeiim,  teaeh  na  that  the  north  ¥rindfl  are  predominant 
ftnq^^ioiit  the  yen,  eepecially  in  aommer,  when  the  south 
lUa  do  not  blow  at  all.  The  trade-wind  is  even  felt  on 
Ae  eoMt  of  Portugal.  Meteorological  ohservations  con- 
Unai  te  Ibwr  jcanat  Ifafo  prove  that  the  mean  direction 
tf  the  wind  there  k  N.  S"*  K,  with  the  tame  ibroe  aa  if  836 

of  1000  ninda  blew  in  this  direction,  while  in  winter  the 


The  region  m  idiidi  the  two  winds  interchange  extends 
or  £ai  (owaida  the  north.    Baring  the  winter,  the 

, I  inn^ndi  both  blow  regolarlv  are  separated  bj  a  belt, 

wbae  TariaUe  winds  alternate  with  calms  and  violent  gales. 
If  jancamkthepoamala  of  ahins  anling  fh>m  Enrope  to 
the  KMllMni  hemia^iere,  yon  wiU  see  that  the j  are  almost 
ahfijt  anriled  by  aqoalls  before  reaching  the  region  of  the 


It  ia  almost  a  general  rule,  that  galea  are  not  felt  except 
la  latitudes  where  regular  winds  &  not  prevaU;  for  ex- 
ample, in  the  region  of  calms,  or  even  in  the  Indian  Ocean, 
whoi  the  flftonawms  change.  It  is  the  same  in  our  coun- 
triea.  The  following  connrms  this  general  thesis, — that  if 
two  euirents  ran  one  beside  the  oUier,  but  in  an  opposite 
directioii,  there  are  iband  in  the  limit  which  separates  them 
cidier  peiftetlv  calm  waters,  or  else  whirlpools.  Examine 
the  eonfloz  of  two  rivers  in  the  angle  formed  by  the  two 
eaimita;  tfie  water  is  in  some  places  nerfectly  smooth,  then 
vitaled,  to  retnm  immediately  to  calm.  In  like  manner, 
men  the  N  JS.  wind  prevails  below,  and  the  S.W.  above, 
violent  whirlwinds  are  formed  at  their  limita,  which  descend 
to  the  anrfiiee  of  the  earth,  and  are  often  endowed  with  pro- 
dijl^oaa  force. 

mmnatAJb    dixbotion   of   thb  wiwds    in 

MBAir  OB  HIOHBB  UkTlTUDBO.  —  The  trade-wind, 
wUdi  eomea  down  in  onr  latitndea,  ia  the  eanse  of  the 
fieaacnt  oeenrrence  of  the  lower  S.W.  winds  tluit  prevail 
in  m^  latitndea.  In  my  TrtaUte  on  Meteorology^  I  have 
pafatod  oot  the  relative  neqoen^  of  these  winda  at  a  great 
'  er  ctf  plaeea  in  Europe  and  America ;  I  will  at  present 
It  myadfwith  afewconntriea.  Dwdgpatfaig  the  total 
er  of  winds  that  blow  in  a  given  tinie  by  1,  the 
following  decimal  fractions  will  indicate  their  relative  fre- 
qoency.    Or,  which  comes  to  the  same  thing,  we  may  de- 
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(Viik  Appendix, ^JT.  5.) 


c  inppectioii  of  the  pt 
prcdomiiiwiec  of  S.W.  mnds ;  foi 


The  r 


n^  table  shews  the 
.    __  .  ,       .       all  these  countries, 

frequent  wind  blows  from  a  point  in  the  westeni 
scnii-circuDifercnce  of  the  horizon.  If  we  deduet  the  mean 
direction  from  these  indications,  as  well  as  the  relative  force 
of  the  mcau  wind  we  construct  the  following  table:— 


«  DXBBCnON,  FOBCE,  ETC. 
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nr  dutereut  couktbies. 


RELATION 

OF 

RELATION 

0» 

:bie8. 

DIRECTION. 

FOBCE. 

WEST 

TO 

EAST. 

SOUTH 

TO 
HOBTH. 

and  . 

S.  66°  W. 

0,198 

1,77 

1,33 

ce     . 

S.  88  W. 

0,133 

1,52 

1,03 

lany. 
nark. 

S.  76  W. 

0,177 

1,69 

1,18 

S.  62  W. 

0,177 

1,54 

1,31 

Len    . 

S.  50  W. 

0,200 

1,61 

1,44 

iia 

N.87  W. 

0,167 

1,66 

0,97 

merica    S.  86  W. 

0,182 

1,86 

1,01 

118,  not  only  are  the  west  winds  more  prevalent  than 
t,  but  their  mean  direction  also  comes  from  a  region 
between  the  south  and  west.  With  regard  to  the 
isplacement  of  the  air,  all  these  winds  may  be  replaced 
T  wind  which  would  blow  for  175  days  from  this  point 
horizon,  the  other  825  days  bein^  entirely  calm ;  or 
light  be  replaced  by  a  constant  wind,  the  velocity  of 
would  be  VJJ  of  the  mean  velocity  of  the  winds  of 
cality.  The  interior  of  Russia  is  the  only  country 
the  mean  direction  is  a  little  to  the  north  of  west ; 
t  the  number  of  observations  is  not  sufficient  to  en- 
j  to  deduce  any  thing  conclusive.  Moreover,  the  mean 
on  differs  but  a  few  degrees  from  that  observed  in 
u  We  might  imagine  that  this  anomaly  occurs  from 
countries  being  very  far  from  the  Western  Ocean; 
iservations  made  at  Tobolsk,  during  ten  consecutive 
give,  for  the  mean  direction  of  the  wind,  S.  67°  W. 
esult  only  differs  one  degree  from  that  which  we  have 
3d  for  England.  In  America,  we  find  analogous 
so  that  we  are  enabled  to  generalise  for  all  the 
m  hemisphere  the  fact  of  the  predominance  of  west- 
inds.* 


Laetigue,  captain  of  a  brig,  published  in  1840  an  important  work. 

Exposition  du  Systhne  dcs  Vents, 

author  regards  the  two  polar  currents,  and  the  trade-winds  which 
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FREQUBNCY  OF  NORTH-CAST  ^IXTINDS. — Hcmcin- 
bering  what  we  have  seen  ies])octiug  the  origin  of  the  trade- 
winds,  we  might  ex^xjct  to  find  in  our  own  countries  regular 
winds  from  the  N.£..  because  their  temperature  is  more 
elc\-ated  than  tliat  of  the  countries  situated  further  to  the 
north.  The  X.E.  winds  are  neutralised  by  the  S.W.  cur- 
rent which  comes  from  the  equator;  but  on  approaching 
the  pole  the  force  of  this  current  diminishes,  and  a  grvat 
many  navigators,  and  among  them  D.  R.  Forster,  speak 
of  having  a^n  met  with  the  N.£.  winds  in  the  polar  seas. 

The  S.W.  current  could  not  entirely  neutralise  the  X.E. 
winds,  for  the  air  that  comes  from  the  equator  to  the  pole 
must  return  to  the  equator,  or  there  would  be  no  atmo- 
sphere between  the  tropics.  On  examining  the  table  of  the 
relative  frequency  of  winds,  -we  shall  see  that  the  numbers 
go  on  diminishing  from  the  S.W.  to  the  north ;  they  then 
uicrcase  again  and  attain  a  second  maximum  at  the  X.E.: 
the  figures  then  again  diminish  to  the  south.  Thus,  in 
mean  latitudes  the  predominant  grinds  are  X.E.  and  S.AV. 
One  of  these  winds,  the  S.W.  for  instance,  regularly  blows 
over  the  two  seas,  whilst  in  the  interior  of  the  continents  it 
is  the  N.E.,  as  ^1.  Dove  has  maintained ;  but  this  is  one  of 
those  questions  which  cannot  be  decided  for  want  of  simul- 
taneous observations.  K  this  sup|K)sition  were  verified,  wc 
should  know  by  what  route  the  masses  of  air  that  are 
driven  to  the  pole  l)y  the  S.W.  wind  return  towards  the 
equator. 

VARIABILITY   OF  THE  WINDS   IN    OUR  COUK- 

TRIES. — AVe  have  just  estal)lished  the  two  general  directions 
of  wind  that  exist  in  our  hcmisj)hcre.  However,  meteorologi- 
cal registers  present  to  us  the  indication  of  a  great  number 
of  winds  which  blow  from  all  parts  of  the  horizon.  When 
wc  compare  corresponding  observations  made  in  man}*  locah- 
tics  of  Europe,  we  are  not  slow  in  recognising  that  these 

result  from  them,  as  the  base  of  the  system  of  wii)il:i ;  he  names  tlieni/>WMi- 
tirc  grinds.  lie  la.vs  down  the  varLitioi»  of  the  trade-wintb  acct)raiiifr  to 
their  distance  from  the  {Kjiar  currents  the  cflectri  which  reioilt  f:-um  lh«ir 
junction,  and  the  formation  of  the  variable  winds*  of  the  tomd  lonc.  Then 
he  I'wses  on  to  the  history  «.  f  scc<indary  winds,  and  shews  that  the  intonMiy 
of  the  variable  winds  nf  the  torrid  zone  dei>cnd9  on  that  of  the  trade-wmiist. 
He  then  examines  the  manner  in  which  the  wintN  displace  each  nttw:-. 
The  author  attributes  to  the  mtation  of  the  earth  very  little  inAuence  over 
the  direction  of  the  trailc-winib :  the  fliumal  motion  of  the  Mun.  and  the 
ci^nfifoiration  of  countries,  apiicar  to  him  to  have  a  much  greater  action. 
Finally,  he  gives  some  very  curiuas  details  on  the  circular  current*  «>f  air 
which  ire  met  with  l>etwcen  Malaga  and  iiibraltar,  and  near  the  channci> 
that  separate  the  Antillas.  A  more  detailed  analysis  of  thi4  work  wouM 
be  unintelligible  without  having  be£ire  us  th«  large  hydrographic  chart 
which  acoompaniea  it. — ^M. 
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winds  inTolve  no  other  causes  than  differences  of  tempera- 
ture. Suppose,  for  instance,  that  a  general  S.AV.  wind 
occupies  tne  upper  regions,  but  that  the  western  part  of 
JSorope  is  veiy  iiot,  while  ihe  eastern  regions  remaui  very 
^M  with  a  clouded  ekj.  This  difference  of  temperature 
irfll  immediately  give  nse  to  an  east  wind ;  and  when  this 
mod  meets  that  from  the  S.W^  there  will  be  a  S.£.  wind, 
which  may  be  transformed  into  a  true  south  wind.  Thef^e 
dMTereuces  of  temperature  explain  the  existence  of  almost 
■n  winds.  Kow,  suppose  that  a  region  is  unusually  heated, 
and  that  there  is  no  prevailing  wind,  then  the  hot  air  will 
flow  in  onidl  sides ;  and,  according  as  the  observer  is  on  the 
north,  the  east,  the  south,  or  the  west,  he  will  feel  a  differ- 
ent wiDd  blowing  from  the  corresponding  points  of  the 
horijwn.  However,  to  put  this  fact  oeyond  doubt,  we  need 
earreapmiding  observations  embracing  a  great  number  of 
localities. 

IC.  Oova,  in  a  simple  and  ingenious  manner,  has  deduced 
thenrodaction  of  other  winds  from  the  reigning  S.'W.  and 
KJB.  win^  Snppose,  for  instance,  that  the  Is.E.  and  the 
8.W.  Uow  at  some  distance  with  great  regularity,  the  one 
at  0,  the  other  at  b  (pi.  n.  fi^.  2),  i&y  wiU  meet  somewhere 
ahmg  the  line  ed^  for  examme.  Whnrlwinds  will  necessarily 
be  pfrodnoed  there,  in  the  direction  of  the  arrows  dravn  in 
the  cireumference  of  the  circle,  that  touches  the  re^on  of 
the  two  winds.  If,  from  the  middle  of  the  S.W.  current  n^ 
we  direct  our  course  toward  &,  we  shall  find,  at  the  nurth,  a 
wind  blowing  from  the  S.W.,  from  the  west,  or  from  the 
N.W. ;  at  the  south,  on  the  contrary,  we  shall  find  winds 
blowing  from  the  N.E.,  the  east,  or  the  S.£.  Let  uh  now 
imagine  at  the  east  of  the  'NJE,  current,  b,  a  second  S.W. 
cnrrent  at  e,  we  shall  also  find  whirlwinds  turning  in  the 
opposite  direction,  that  is  to  say,  in  the  directions  X.E., 
north,  and  NAV. 

Not  only  does  M.  Dove  explain,  by  this  theory,  the 
origin  of  all  winds,  but  he  concludes  that  thea-  must  succeed 
in  a  certain  order.  Indeed,  if  the  limit  which  separates  the 
two  winds  is  displaced  towards  the  west,  the  direction  of  the 
wind  changes  in  the  same  place.  In  mean  latitudes,  where 
the  S.W.  wind  is  not  arrested  by  inequalities  of  soil,  it  blows 
to  the  west  of  an  observer  ]^laoed  on  the  coast  of  Euro])e, 
whibt  the  N  JB.  wind  reig;ns  m  the  interior  of  the  continent. 
IT  the  latter  extends,  which  is  almost  always  the  case,  since 
the  air  must  return  from  the  poles  to  the  equator,  the  limit 
of  the  two  currents  is  displaced  towards  the  west ;  and  the 
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observer  will  see  the  wind  graduallj  tam  firom  the  S.W^ 
the  west,  and  N.W^  to  the  north,  and  finally  to  the  NJL 
Thus  the  succession  of  phenomena  is  the  same  as  if  we  had 
travelled  from  f  to  g.  But  the  S.W.  wind  is  ffradually  re- 
established in  the  upper  regions  of  the  atmon^eze ;  whiil- 
Tnnds  are  produced  there;  the  winds  oome  m>m  the  west 
and  the  S.  W . ;  whilst,  at  the  surftoe  of  the  earth,  the  Tanes 
indicate  the  N.£.  or  rather  the  east  The  S.W.  wind,  as  it 
descends,  in  the  interior  of  the  continent,  drives  haek  the 
K.E. :  the  wind  turns  to  the  south,  and  fiiudly  settles  at  the 
S.W.  We  may  conceive  that,  in  these  transitions,  the  winds 
pass,  in  a  short  time,  through  all  the  points  of  the  horizon, 
and  blow  in  very  different  directions.  It  may  then  happen 
that  the  wind  does  not  pass  r^^ularly  from  the  west  to 
the  north,  but  that  it  turns  in  a  contrary  direction ;  for  the 
whirlwinds  produced  by  the  meeting  of  the  currents  are 
displaced  with  them,  and  can  rarely  oe  completely  observed 
in  the  same  locality.  The  displacement  of  a  whirlwind  ap- 
pears to  us  as  a  transition,  for  example,  of  the  winds  from 
the  east  to  the  west,  if  this  whirlwind  is  displaced  fhmi  the 
north  to  the  south. 

In  the  regular  succession  of  phenomena,  the  wind  should 
turn  like  the  sun  from  the  east  to  the  south  and  to  the  west 
^I.  Dove  has  collected  a  large  number  of  observations  from 
all  parts  of  Europe,  and  has  found  that,  in  the  northern 
hemisphere,  wind  passes  more  freouently  from  the  east  to 
the  west  by  the  south;  and,  in  the  southern  hemisphere, 
from  the  east  to  the  west  by  the  north. 

This  conflict  between  the  S.W.  and  the  N.E.  winds  is 
the  more  interesting  to  us,  inasmuch  as  it  determines  almost 
all  the  temporary  changes,  and  as  the  predominance  of  one 
or  other  characterises  seasons  and  even  entire  years.  In  the 
sequel,  we  shall  frequently  return  to  this  subject.  Let  it 
sutKce  to  have  pointed  out  the  fact,  and  to  draw  attention  to 
the  difference  which  exists  between  these  two  winds,  cme  of 
which,  the  S.W.,  is  hot  and  moist,  whilst  the  other  is  cold 
and  dry. 

INFLUENCE    OF    SEASONS   ON    THE    ^ITINDS.^ 

Ilitlierto  we  have  only  considered  the  mean  direction  of  the 
-wind  in  high  latitudes.  But,  on  reflecting  that  the  continent 
is  hotter  in  summer,  and  colder  in  winter,  than  the  sea  which 
is  contiguous  to  it,  the  sea-winds  ought  to  predominate 
during  the  hot  season,  and  the  land-winds  dunng  the  cold. 
This  alternation  is,  moreover,  verv  sensible  on  the  eastern 
coast  of  America.     Franklin  had  long  ago  observed,  that  in 
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the  windf  are  in  the  loathy  and  in  winter,  in  the 
BOitfi.  The  latter  dken  blow  with  great  violence  in  the 
SdfofllttDeo. 

b  Eoiope,  we  find  limilar  relationB.    The  mean  direc* 

of  the  wind  in  winteTt  in  IWs,  is  S.  48''  W. ;  in  sum- 

it  la  N.  88*  W.    This  remit  ia  confirmed  in  a  great 

)f  plaeea  in  Europe,    sehowwr,  in  nunming  up  all 

enratiooa.  has  estaUiahed  the  fiillowinff  laws : — 


la  wMiTy  the  dlreetirai  of  the  wind  is  more  southerly 
-  dnrii^  the  rest  of  the  year;  in  Jannary  its  finee  attains 


Tn  9pHtig^  east  winds  are  eomnum ;  at  certain  places  in 
fa;  at  odien,  in  ApriL  They  diminish  the  force  of  the 
eomnt,  wlueh,  in  many  countries,  is  at  that  time 
dwa  doriiig  the  rest  of  the  year.  The  relation  of 
north  to  UKrtfa  winds  ia  not  constant,  and  varies  according 
to  the  localities.  In  some,  the  direction  is  more  northerly, 
In  oCfacn  more  southerly,  than  the  mean  direction  of  the 
year. 

In  tummerj  especially  in  July,  the  winds  blow  chiefiy 
firam  the  west ;  their  predominance  over  east  winds  attains 
Ita  warfaioa;  and,  at  the  same  time,  the  north  winds  be- 
come more  emnmon ;  whence  it  follows  that  the  mean  direc- 
tion of  the  wind  in  this  season  is  north  of  the  annual  mean. 

In  aateiiii,  the  predominance  of  west  winds  diminishes  ; 
thoae  of  the  south  more  freouently  blow,  especially  in  Oc- 
tolwr :  so  thi^  in  many  localities,  the  genend  direction  is 
more  southerly  than  in  all  the  other  months. 

OH  TBB  MODB  OFTHB  PROPAGATION  OF  WINDS. 

— ^Does  a  wind  first  Uow  in  the  country  whence  it  comes,  or 
in  that  whither  it  goes  ?  Is  an  east  wind,  for  example,  first 
iSdt  m  the  eastern  eountries,  or  in  the  western  parts  of 
SnropeF  ThoB  is  a  question  that  has  often  been  agitated, 
wtthout  our  haying  been  able  to  resolve  it  in  such  a  manner 
aa  will  satisfy  every  individual  case.  I  think  that  nothing 
positiye  can  oe  said  on  this  point ;  and  I  should  be  induced 
to  believe  that  the  wind  commences  in  a  point  situated  in 
the  middle  of  the  region  which  it  occupies,  and  that  it  is 
thenoe  propagated  onward  in  each  direction.  The  land  and 
lea-breexes,  the  cause  of  which  is  well  known,  confirm  what 
I  have  adranc^.  Tlie  sea-breeze  is  first  felt  on  the  coast ; 
then,  after  some  hours,  in  the  interior  of  the  land  and  in  the 
open  sea.  It  will  follow,  therefore,  that  an  east  wind  will  blow 
first  in  Germany,  and  a  little  later  in  Holland  and  Russia. 

Since  Praaklln's  time  it  has  been  generally  admitted, 
that  winds  are  rather  felt  in  the  countries  towards  which 
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they  blow  than  in  those  whence  they  come.  He  quotes  an 
obscn-ation  favourable  to  this  theory.  One  day,  a  strong 
N.K.  wind  arose  about  seven  o*clock  in  the  evening  at  Phila- 
dclpiiia,  andprevented  an  ecUpse  of  the  moon  nrom  being 
observed.  This  gale  was  also  felt  at  Boston,  situated  to  the 
'N.E.  of  Philadelphia,  but  not  until  eleven  o'clock  in  the 
evening.  A  violent  S.W.  wind,  which  ravaged  the  United 
States,  on  the  12th  of  June,  1829,  fint  blew  at  Albany,  and 
then  at  New  York,  which  is  situated  more  to  the  south.  How- 
ever, there  are  numerous  exceptions  to  this  rule.  The  ter- 
rible hurricane  from  the  S.W.,  on  the  29th  November,  183^ 
passNed  over  London  at  ten  o'clock  in  the  morning;  at  the 
Hague,  at  one  o'clock ;  at  Amsterdam,  at  half-past  one ;  at 
Eniixlen,  at  four ;  at  Hambuig,  at  six ;  at  Lubeck,  Bleckedep 
and  Sahrwedel,  at  seven  o'cU^ ;  and  fiualhr,  at  Stettin,  at 
half-past  nine  in  the  evening.  It  was,  therefore,  transported 
in  the  same  direction  as  that  in  which  it  blew ;  and  it  took 
ten  hours  to  traverse  the  space  which  separates  London 
from  Stettin ;  consequently,  its  velocity  was  36  metres  per 
second,  or  12960  metres  per  hour. 

PHYSICAIi  PROPEBTIBS  OF  CEBTAIN  WINDS. — 

When  winds  come  from  distant  countries,  they  possess  a 
part  of  the  ])roperties  by  which  those  countries  are  chaxae* 
terised.  Thus,  the  west  winds,  that  blow  from  the  sea,  axe 
much  more  moist  than  the  east,  which  traverse  continents. 
The  latter,  particularly  when  they  are  N  JE^  are  very  cold, 
especially  in  spring ;  and  they  give  rise  to  a  great  number 
of  rheumatic  aifections.  The  very  opposite  sensations,  pro- 
duced by  violent  south  or  north  'winds,  are  much  more 
marked  in  countries  whose  inhabitants  live  in  the  open  ur. 
I  should  not  have  mentioned  these  differences  had  not 
tlicse  winds  been  characterised  by  particular  denominationB. 

Cold  WniDs. — ^In  the  south  of  Europe  the  north  winds 
are  celebrated  for  their  violence  and  their  severity.  The 
opi>osition  Iwtween  the  elevated  temperature  of  the  Medi- 
termnean  and  the  Alps  covered  with  snow  gives  rise  to 
aeriul  currents  of  extreme  rapidity.  If  their  effect  is  added 
to  that  of  a  general  north  wind,  there  is  produced  a  north^ead 
7viml,  having  a  violence  of  which  we  can  form  no  idea.  In 
Jstrin  and  Dalmatia  this  wind  is  known  under  the  name  of 
hftr'u  and  its  force  is  such  that  it  sometimes  overturns  horses 
niul  ploughs.  It  is  the  same  up  the  valley  of  the  Rhone, 
where  a  very  cold  south  wind  often  prevails,  which  is 
named  mistral^  and  which  is  not  less  formidable  than  the 
north  wind,  known  in  Spain  under  the  name  of  gtille^o. 

Hot  AVisds. — Large  deserts  and  plains  covered  with  but 
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little  vegetation  engender  very  hot  winds,  which  have  given 
rise  to  marvellous  stories,  and  still  more  extraordinarv  ex- 
jdanatioDS.  These  winds  prevail  in  the  vast  deserts  of  Aas 
and  A&ica,  where  we  only  find  here  and  there  a  few  oaaea  of 
T^etation,  in  narrow  vaDeys,  where  moiatnie  may  be  pre- 
served for  some  time.  Nomade  tribes  tnvel  over  tnese 
deserts.  Along  the  great  rivers,  such  as  the  Nile,  the  Eo- 
phrUes,  and  the  Tigns,  the  earth  ia  cultivated,  and  in  those 
Lxalitieg  may  be  found  commercial  centres  g»i'rtji>g  from  the 
nmotest  antiquity,  but  which  have  no  mutual  commonick- 
tioD,  cscept  by  tntveninK  the  desert. 

In  all  o^  the  Arab  of  the  desert,  a  poor  nomade,  has 
detested  the  mhabitant  of  cities,  who  leads  a  comfortable  ai^ 
quiet  li&.  Sometimes  also  he  attacks  cities  to  plandei 
utem  and  lead  the  iobabitanta  into  slavery,  in  order  to  a^ 
them  or  to  require  s  high  ranaom.  Thus  it  is  that  Joseph, 
was  sold  M  a  slave,  and  that  the  Jews,  a  nomade  people, 
stole  the  predons  vessels  of  the  Egyptians,  who,  fi-om  the 
time  of  Moses,  have  not  ceased  to  hate  these  wandering 
tribes.  To  the  inhabitants  of  cities,  the  desert  was  the 
theatre  of  most  exaggerated  scenes  of  horror-  Every  mar- 
Tellous  tale  of  extraordinaiy  adventures  found  in  them 
credulous  or  prejudiced  auditors;  like  as,  in  our  d^8,  the 
Tnrks  form  the  most  lalse  and  ridiculous  ideas  of  Europe. 
The  inhabitants  of  the  desert  did  not  care  to  eradicate  these 
errors,  finr  they  constituted  their  strensth ;  on  the  contrary, 
they  supported  them  every  time  that  uiey  visited  the  cities. 
The  mercbaats,  who  hod  traversed  the  desert,  alone  knew 
the  truth;  but  they  were  in  small  numbers,  made  great 
profits  iu  these  voyages,  and  sought  to  fright«u  those  who 
might  be  tempted  to  imitate  them.  Thus  these  opinions 
spread  more  and  more  among  the  multitude. 

The  Arabian  tvriters  are  full  of  falsehoods  on  ever; 
thing  relating  to  the  desert.  European  travellers  have  even 
snrjMssed  them.  The  llahometan  believes  that  he  is  per- 
fiirming  a  meritorious  work  in  deceiving  the  infidel  and 
ekifing  to  him  the  entrance  to  the  desert.  All  those  who 
bave  gone  thither  have  profited  weU  bv  these  ridiculous 
stories,  the  exaggeration  of  which  the  Araos  themselves  hare 
confessed  to  them.  i>.  BnrckBrdt,  of  Biile,  is  the  first  who 
haa  furnished  us  with  positive  information  upon  the  phe- 
nomena of  the  desert,  and  especially  on  the  winds  that  pre- 
vail there.  lie  has  thus  reduced  to  their  true  value  the 
ikntastic  accounts  of  his  predecessoia,  Beanchaov,  Btocb, 
and  Hlabsiw. 

In  Arabia,  Persia,  and  the  greater  port  of  the  coontriefl 
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of  the  East,  the  burning  wind  of  the  desert  n  named 
samowtj  sinumm,  sSmoufiy  from  the  Arabie  samnu^  which 
signifies  at  once  hot  and  poisonous.  It  is  also  called  samidf 
from  samm,  poison.  In  £g7pt  it  is  called  ekam$m  (fifty), 
because  it  blows  for  fifty  days,  from  the  end  of  Apiil  until 
June,  at  the  commencement  of  the  inundation  of  the  Nile. 
In  the  western  part  of  Sahara  it  is  known  under  the  name 
of  harmattan.  The  name  tanunt*  is  most  generally  employed  ; 
but  translators  have  always  insisted  on  the  meaning,  pauan^ 
without  reflecting  that,  like  children,  undvilised  people  call 
every  thing  poison  which  is  disagreeable  or  dangcroos. 

The  dry  soil  of  these  countries  becomes  prod^^gioasly 
heated,  but  without  the  heat  penetrating  deep,  because  tte 
quartz  sand,  which  covers  them,  is  a  bad  conductor  of  heat : 
so  that  the  thermometer  is  sometimes  seen  to  attain  S(f  in 
the  shade  of  a  tent.  If  the  wind  rises  it  must  be  bnming, 
and  must  transport  sand  and  dust,  which  obscure  the  lays 
of  the  sun.  The  same  occurs,  if  travellers  may  be  beHeved, 
in  the  deserts  of  Nubia,  on  the  coast  of  Guinea,  and  along 
Senegal.  During  a  period  of  calm  the  ascending  current  of 
hcat^  air  is  of  itself  sufficient  to  carry  up  the  sand. 
Pottinser  observed  a  phenomenon  of  this  kind  in  the  de- 
sert of  Beloochistan.  The  surface  of  the  soil  there  is 
uniformly  covered  with  a  fine  sand,  coloured  red  with  iron, 
which,  being  the  sport  of  the  winds,  forms  undulated  hflls 
from  three  to  six  metres  high.  Towards  mid-day  these 
hills  seemed  to  have  disappeared,  the  sand  was  raisea  about 
three  decimetres  above  the  ^neral  level,  and  at  each  step 
wc  could  fancy  we  were  placing  our  foot  on  a  plane  raised 
three  decimetres  above  the  summit  of  these  hills.  This  phe- 
nomenon was  rarely  evident  in  the  evening  and  morning. 

A  strong  wind  raises  a  much  more  considerable  quantity 
of  sand ;  the  troubled  appearance  of  the  horizon  uen  an- 
nounces the  arrival  of  tnc  samoun;  afterwards  the  aky 
becomes  obscured  and  the  sim  loses  its  brilliancy,  paler  than 
the  moon,  its  light  no  longer  projects  a  shadow ;  the  green 
of  the  trees  appears  of  a  dirty  blue,  the  birds  are  restless,  and 
the  aifrighted  animals  wander  in  all  directions. 

The  rapid  evaporation  occurring  at  the  surface  of  the 
human  body  dries  the  skin,  inflames  the  throat,  accelerates 
respiration,  and  causes  a  violent  thirst.  The  water  contained 
in  the  skins  evaporates,  and  the  caravan  is  a  prey  to  all  the 
horrors  of  thirst.  It  is  thus  that,  since  the  exp^tion  of 
Cambjses,  more  than  one  caravan  has  perished  in  this 
desert ;  but  we  must  class  among  Arab  tales  those  histories 
of  pestilential  winds  the  contact  of  which  causes  death,  and 
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vHeh,  like  %  cnuKm-bill,  triTene  a  troop  and  choose  out 
AdTTietiiiii.  When  the  Arabs  cover  their  face  it  is  that  the 
Mid  may  not  penetrate  either  into  the  eyes  or  into  the 
■obOl  For  the  ame  reason  it  is  that  camels  turn  their 
ftsidftom  the  side  opposed  to  the  wind;  they  never  perform 
IUb  nH&Qeirne  nnless  sud  is  in  the  aur.  '^In  Jnne,  1813,** 
im  BHrskardt,  ^in  ^oinff  from  Siout  to  Esn^  I  was  sur- 
fnsed  hy  the  ssmowi  m  tne  plain  which  separates  Farschi- 
eat  fsouk  Ber^^  When  the  wind  arose  I  was  alone, 
■wnileil  oo  my  dromedary,  and  at  a  distance  from  eveiy 
Isea  and  hahHation,  I  endeayonred  to  protect  my  face 
hy  mapping  it  in  a  handkexchiefl  Meanwhile,  the  drome- 
dinr,  tnto  whoae  eyes  the  wind  drove  the  sand,  hecame 
iCBtMii  eommeneed  salloping,  and  caused  me  to  lose  the 
sHrrapa.  I  remainea  lyins  cm  the  earth  without  moving 
fton  the  not,  fat  I  oomd  not  see  to  a  distance  of  ten 
metres^  and  i  wrapped  myself  up  in  my  clothes  until  the 
wind  hid  abated.  I  then  went  to  searcn  after  my  drome- 
dsiy,  iHiieh  I  found  at  a  very  great  distance,  lyin^  do^vn 
near  a  bnali  that  protected  his  h^  against  the  sand  raised 
by  the  wind.**  Burtkardt  never  experienced  any  thing 
piTticnlar  at  the  times  when  he  was  exposed  to  the  samoun. 
Waloaim  and  Morlar,  who  have  traversed  the  deserts  of 
Benn,  and  Karr  Porter,  who  has  visited  that  which  is  at  the 
cast  of  the  Euphrates,  agree  with  him  in  this  point.  In 
the,  latter  country  the  imiabitants  daub  their  bodies  with 
wet  mid,  and  those  of  western  Africa  anoint  themselves 
wtth  ftt,  in  order  to  prevent  the  skin  from  cracking  in  con- 
seqiicnee  of  too  rajad  an  evaporation. 

The  deserts  or  Asia  uid  Africa  are  the  countries  where 
these  hot  winds  shew  tiiemselves  in  all  their  force.  How- 
ever, in  India,  which  is  covered  with  a  rich  vegetation,  at 
Qdli,  in  Lonulana,  and  in  the  great  plains  (Uanos)  of  Oro- 
nooo,  certain  winds  have  a  very  elevated  temperature.  All 
the  land-winds,  which  blow  on  the  coasts  of  l9'ew  Holland, 
axe  liot  and  diy.  When  the  N.W.  wind  prevails  for  any 
time  at  Paramatta,  all  the  j[»lants  wither ;  and  the  ill  success 
of  the  attempts  at  cultivation,  undertaken  by  the  English  in 
ifals  oonntiy,  is  due  to  no  other  cause.  Even  in  Europe  wc 
have  the  aiano  of  Spain,  and  the  sirocco  of  Italy,  which 
throw  the  migority  of  mdividuals  into  a  condition  or  peculiar 
laiigaor.  These  winds  probably  arise  in  the  plains  of  An- 
dalosia,  or  on  the  arid  rocks  a£  Sicily ;  they  are  much  more 
violent  on  the  north  than  on  the  south  coast  of  the  island, 
and  it  is  useless  to  seek  after  their  origin  as  far  olf  as  the 
deserts  of  Africa. 

d2 


ON  AQUEOUS  METEORS. 


Dailt  experience  proves  to  ns  that  the  hjgrometrie  stirfe 
of  the  atmosphere  is  contmually  vai^ong.  Dtuing  stonnsi 
water  is  precipitated  from  the  clouds  m  torrents,  or  ebe  it  is 
slowly  deposited  in  the  state  of  dew ;  sometimes  the  air  is  so 
dry  that  wood  is  warped,  and  then  water  evaporates  widi 
great  rapidity  in  open  vessels.  We  designate  all  these  phe- 
nomena by  the  collective  name  of  hydrometeors^  a  word 
derived  from  the  Greek  v)«e,  water,  and  which  signifies 
aqueous  meteors. 

GENBRAIt  REMARKS  ON  6A8B8  AND  VAPOURS. 

— Water,  in  passing  into  the  state  of  an  aeriform  ho^,  oc- 
cupies much  greater  space  than  that  which  it  filled  mile  it 
remained  in  a  liquid  state.  So  that  water  can  exist  under 
two  different  forms,  having  nothing  in  common  ezeept 
the  extreme  mobility  of  the  component  molecules,  which  are 
separated  and  move  easily  one  over  the  other.  In  solid 
bodies,  on  the  contrary,  a  greater  or  a  less  effort  is  necessaiy 
to  separate  the  molecules  of  which  they  are  composed.  The 
particles  of  water  have,  however,  a  tendency  to  approach 
and  form  little  spherical  masses.  In  gases,  properly  so 
called,  this  tendency  does  not  exist,  and  all  the  mokcoles 
arc  mutually  repulsive ;  hence  results  an  ex^iansive  fierce  for 
the  entire  gas.  It  is  ^so  almost  an  impossibility  to  apnrozi- 
matc  or  to  separate  the  molecules  of  water  while  in  the  liquid 
state ;  whilst  a  volume  of  gas,  however  small  it  may  be,  will 
always  entirely  fill  a  vessel  of  any  capacity.  Place  a  bell« 
glass  on  the  plate  of  an  air-pump,  and  make  as  perfect  a 
vacuum  as  possible ;  there  will,  nevertheless,  be  air  in  eveiy 
part  of  the  glass.  The  following  experiment  proves  that 
the  air  is  actually  dilated ;  to  wit,  if  we  place  a  tied  and 
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flattened  bladder  onder  the  receiver,  it  nill  swell  out  in 
proportKm  m  the  Tscuom  ia  made,  but  will  return  to  ita 
former  conditioii,  aa  voon  as  the  air  is  allowed  to  le-enter 
tbc  glaai.  There  is,  indeed,  an  equilibiiam  eetabliahed  be- 
tween the  repulaire  forces  of  the  molecules  of  air  oontained 
in  the  bladder,  and  those  which  fill  the  receiver. 

We  may  conviiiGe  ouraelves  of  the  truth,  without  the 
use  of  philosophicsl  apparatus.  Take  a  imall  quantity  of 
sulphuret  of  potaamnm  and  ponr  on  it  sulpliuiic  acid,  a  gas 
will  be  liberated  that  smella  powerfully  of  rotten  ta»; 
however  aniall  may  be  the  volume  of  the  gas,  it  will  notiail 
to  fill  a  large  room.  It  ia  the  same  with  a  drop  of  ether, 
when  evaporated ;  and  phiioaopfay  shews  that  this  law  is 
applicable  to  all  gaaea  without  eiceplioi). 

If  the  attraction  of  the  earth  did  not  neutralise  this 
expaiuive  G>roe  of  the  air,  it  would  escape  into  space,  and 
OUT  globe  would  have  no  atmoBphere.  Attraction  here  jplayi 
the  Mine  part,  as  do  the  sidesc^the  vessel  in  the  espemnent 
that  we  have  related.  Air,  when  subjected  to  this  fbrce  of 
attraction,  becomes  a  heavy  body,  like  all  others  on  the 
aarface  of  the  xlobe.  So  also  a  balloon,  when  void  of  air, 
is  lighter  than  tue  same  balloon  when  &11. 

Although  the  particles  of  gases  inceasautly  tend  to  sepa- 
rate from  each  other,  we  may  nevertheless  easily  diminiah  the 
volume  of  a  certain  mass  of  air.  A  bladder  becomes  smaller 
when  compressed.  A  piston  mav  be  driven  into  a  hollow 
ir^linder  of  the  same  diameter,  although  it  ia  hermetically 
sealed ;  but,  as  soon  as  we  cease  pressure  on  the  piston,  the 
ajr  expands  and  diives  it  back.  Provided  the  aeriform 
bodies  do  not  pass  into  the  liquid  state,  the  spaces  occupied 
ftre  inversely  proportional  to  the  compressing  forces ;  that 
is  to  say,  under  a  double,  triple,  qnadruple,  &c.  pressure, 
they  occupy  one-half,  ouC'third,  or  one-fourUi  of  the  primi- 
tive space. 

PKYSICAI.  COMPOSITION  OF  THBATKOirHZkE. 

— Each  of  the  molecules  of  which  it  is  ctHnpoaed,  by  virtue 
of  its  gravity,  exercises  a  preasare  ou  the  molecules  situated 
beneatn  it ;  this  pressure  is  added  to  their  proper  gravity, 
and  ctmtributes,  in  combination  with  the  action  of  tne  ter- 
restrial globe,  to  retaiu  them  around  it.  In  a  vertical  column 
nt  the  air,  strata  of  greater  density  are  found  near  the 
ground ;  this  density  mminishes  in  proportion  as  we  ascend, 
because  the  portion  of  the  atmosphere,  placed  beneath  the 
ohaerver,  does  not  exercise  any  pressure  on  those  portions 
which  are  placed  at  a  level  with  him.  The  barometer,  by 
which  this  pressure  ia  measured,  is  lower  at  the  summit  than 
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at  the  foot  of  a  mountain;  and  so  intimate  a  relation  exists 
between  the  pressure  and  this  height,  that  the  difference  of 
level  of  those  spots  may  be  deduced  from  the  difference  in 
the  length  of  the  barometric  columns  ob6er>'ed  simultaneously 
at  these  two  stations. 

The  more  the  pressure  diminishes,  the  more  does  the 
air  tend  to  dilate ;  so  that^  at  first  sight,  it  would  seem  that 
the  atmosphere  must  extend  to  a  very  great  distance.  We 
might  imagine  that  it  is  not  till  the  distance  of  sevend  my- 
riamctres  that  the  density  could  be  sufficiently  reduced  to 
be  entirely  neglected.  Experience  has  not  taught  us  what 
becomes  of  those  particles  of  air,  whose  densi^  would  be 
infinitely  more  feeole  than  it  is  at  the  surface  of  the  earth. 
If  their  expansion  were  indefinite,  they  would  be  difiused 
into  celestial  space,  and  each  of  the  bodies  moving  there 
would  form  an  atmosphere  by  attracting  them  to  itad£ 
Astronomical  observations  do  not  fiivour  this  hypolbeib, 
and  it  is  probable  that  the  atmosphere  of  the  earth  is  limited. 
The  distance  of  the  limit  is  not  yet  well  known;  we  merdy 
know  that,  at  the  height  of  about  seven  mvriametres,  tlie 
rarity  of  the  air  is  such  that  we  may  consiaer  this  as  the 
limit  of  the  atmosphere.* 


*  M.  BioT  has  lately  poblished  MHne  learned  reeeardiet  on  the  pltyrieal 
constitution  of  the  atmosphere ;  they  hare  led  him  to  a  condhloii,  whidi 
assigns  a  hl^er  limit  to  the  terrestrial  atmosphere.  He  haa  boiTOwed  the 
dements  of  his  calculations  frxim  three  series  of  harometrle,  thermometries 
and  hjgrometric  obsenrations,  made  at  sncceaaJTe  stations  by  MM.  Oat- 
Li  ssac.  Humboldt,  and  Bor8siKGACi.T. 

M.  Gat-Lussac  ascended  in  a  balloon,  in  Oct.  1803,  to  a  heicht  of  6977 
metres  above  the  obsenratory  at  Paris.  The  number  of  Intermediate  obser- 
vations is  twenty-one. 

In  the  month  of  June,  1803,  M.  de  Humboldt  made  obeerratSons  at  Are 
successive  stations,  as  he  ascended  from  the  plains  at  the  foot  of  Chimbora^ 
to  the  top  of  the  mountain.  The  first  station  was  2418,  the  last  5879  metres 
above  the  level  of  the  sea. 

Finally,  in  1827,  M.  BotnaiNGAULT  made  three  series  of  meteorok^eal 
observations  in  his  ascents  up  Cliimbora^o  and  Antisana,  to  the  heights  of 
5*J00  &nd  5400  metres  alrave  the  lerel  of  the  Pacific  Ocean.  The  Chimbora^ o 
series  comprehends  eight  elevated  stations,  commencing  at  the  hei^  of 
270U  metres.  Each  Antisana  series  comprehends  nine,  oommencing  at  S500 
metres. 

In  order  to  deduce  the  height  of  the  atmosphere  finom  these  obearrationi^ 
M.  BioT  first  reduces  the  barometric  columns  of  the  difTerent  stations  to 
zero ;  then  he  reduces  them  all  to  the  lowest  weight,  by  calculating  the 
corroction  which  each  requires  fh>m  the  relative  eleration  of  the  statioo. 
Dividing  all  these  columns  thus  reduced  bv  the  lower  column,  he  obtaina 
the  successive  pressures,  in  firactions  of  the  lower  pressure  taken  as  unity. 

M.  BioT  then  deduces  the  densities  corresponding  to  these  prtssurea, 
from  the  concomitant  temperatures  of  the  air,  admitting  with  M.  Gat- 
Li'ssAc,  that  the  air  diminishes  ^th  of  its  volume  for  every  centigrade 
decree  of  cold.  He  takes  accoimt  at  the  same  time  of  the  tension  of  the 
aqueous  vapour.  The  densities  thus  obtained  are  compared  with  the  lower 
density  of  their  proper  unity,  in  the  same  way  as  was  dime  for  the  pressures. 
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"Abilbrm  bodin  are  nttunllydiTided  into  two  daases ;  some 
ahi^  nBMin  in  the  {pueoos  or  elastic  state,  and  are  called 
fMT  or  uir^brM  bodiei,'  others,  under  the  influence  of  va- 
liiM  drennwtiincca,  pass  into  the  liouid  state,  and  are  termed 
mfmn.  Amwig  the  agents  which  determine  this  change, 
iHpentiize  and  pvestore  most  occupy  the  first  rank.  Bend 
a  common  Iwronietrie  tahe,  ABC  (pi.  n.  fig.  3),  so  that  the 
hiBcih  BC  is  panUd  to  the  hranw  AD,  a^  dose  it  at  C ; 
titpt  ft  aeale  to  the  branch  BC,  which  shall  indicate  the 
Bambor  of  enbie  millimetres  contained  in  C£,  or  any  portion 
of  the  tabe  GB ;  adapt  in  like  manner  a  scale  divided  into 
■Sfimeferai  to  the  bnmeh  AD,  dry  the  interior  of  the  tube 
by^plaeiiig  it  in  connexion  with  a  vessel  containing  an- 
IqfdroiM  aolplraxic  acid,  then  ponr  mercury  into  the  longer 
bnoMii  ao  toat  It  shall  be  in  eqnilihrium  at  D  and  £.  The 
tffuaatiitj  of  air  contained  in  CE  is  no  longer  in  communica- 
tioii  wiUi  the  atmosphone,  but  is  subject  to  a  pressure  that  is 
indicBlcd  bv  the  height  of  the  barometer.  If  we  pour  mer- 
cmy  into  the  long  branch  imtil  the  column  is  at  JP,  it  will 
only  aacend  as  &r  as  G  in  the  short  trough.  Draw  through 
the  point  G  the  horizontal  line  Gil,  and  the  measure  of  tne 
presmre  will  be  obtained  by  adding  the  length  GH  to  that 
of  the  barometric  column  observed  during  the  time  of  the 
experiment.    If  FH  is  equal  to  the  length  of  the  barometric 

▼•  Una  oMiin  tht  ootxliCcnt  Ttloes  of  these  two  element*,  for  all  tho  points 
of  the  iMtlal  ootnmii,  where  the  stations  have  heen  established.  Taking, 
than,  the  pi  win  m  tm  abieisssg,  and  the  densities  as  ordinates,  M.  Bior  finds 
that  tte  tmm,  which  panwi  through  all  the  stations,  is  sensibly  a  straiglit 
Ha*.  He  iMDoe  eooehides  that  the  decrease  of  temperature  goes  on  inces- 
mxxOj  aecelerating  to  the  hi^iest  stations  to  which  we  have  been  able  to 
•ttaiii.  Thus,  aooording  to  M.  Biot,  we  must  not  conclode  that  ftirther  on, 
and  Id  the  hwiceenible  rraitms  of  the  atmosphere,  this  decrease  begins  to  be 
redoeed ;  aad,  among  the  hypotheses  that  may  be  adopted,  the  most  favour- 
able  to  a  very  elerated  atmosphere,  will  then  be  that  <tf  a  eonstant  decreoso 
karaMl  tlM  height  of  6977  metres,  the  upper  limit  of  the  aeroetatic  stations 
«f  M.  OAT>Li»eAC.  At  present,  beyond  that  eleration,  M.  Biot  substitutes 
far  tha  nal  atmosphere  a  fictitious  atmoephere,  baring  at  this  height  tlic  i^aino 


r«  the  same  d^rea  ci  pressure,  the  same  heat,  and  the  same  local 
•a  of  tempenutora  as  the  true  atmoephere ;  but  subject  further  to 
th»  arMtrary  oondtti<m  that  the  decrease  remains  constant,  and  such  m  M. 
Oat-Lcmac  has  obaerred  it.  Such  a  conditioo,  joined  to  the  laws  of  equi- 
BlHtens,  completely  defines  it ;  and  from  the  phy^cal  elements  of  the  stratum, 
wbara  It  oommenees,  its  total  heig^  Joined  to  that  of  this  stratum,  is  4734r> 
■Mtraa.  Now,  in  the  real  atmoq>here,  the  decrease  of  temperature  being 
flnrthar  aocelarsted  beyond  6977  metres,  he  finds  that  its  limit  is  lower  tlian 
that  of  the  fictitious  atmondiere,  or  at  47000  metres.  The  equatorial  series 
af  MM.  de  Hdxboldt  and  BovssiiroAULT,  giro  even  43000  metres  for  xhii 
limit.  (Vide  Compta  rendtu  de  PAcadimie  dei  Science*,  t.  viii.  p.  91 ; 
t.  is.  p.  174  [1839].— JdtfiYiOM  d  la  Connaissance  des  Tempt  de  1^11.— 
Mhnoireg  de  PAcadfmie  det  Seieneci,  t.  xyH,— Astronomic  Physique,  t.  i. 
p.  165.>-M. 

s  rcfe  Note  c^  Appendix  II. 
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column,  the  air  contained  in  GC  "\\*ill  be  subject  to  the  pres- 
sure of  two  atmospheres;  then  CG  will  be  equal  to  the  half 
of  CE,  and  the  air  will  occupy  a  space  one-half  less  than 
that  which  it  occupied  under  the  pressure  of  one  atmosphere. 
By  increasing  the  pressure,  we  shall  succeed  in  establishiDg 
M ariotte'B  Taw,  already  annonnccd,  p.  59,  that  the  sptoo 
occupied  hy  gases  are  inversely  proportional  to  the  preausn. 

Dry  air  obeys  this  law  under  erery  pressore  hitherto 
tried.  If  the  air  is  moist,  it  will  follow  the  law  under  iedde 
pre^sures ;  but,  under  high  pressures,  the  spMccs  will  beeome 
less  than  they  would  have  Deen  had  the  air  been  peiftetly 
dry  ;  for,  under  such  circumstances,  a  portion  of  the  ▼apoor 
of  water  condenses  and  passes  into  the  iiqnid  state,  and  arapa 
of  water  are  even  obsen-ed  within  the  tnbe  C£. 

The  difference  between  gases  and  vapours  mmy  be 
demonstrated  by  another  experiment  Take  thzoe  buxme- 
ters  which  have  been  well  Ixuled,  and  which  correspond 
well.  De^gnate  the  three  instnmients  by  the  lettcts 
A,  B,  and  C.  Divide  the  barometric  chambers  of  B  and 
C  into  parts  of  equal  capacity.  Send  up  a  babble  of  dnr 
air  into  the  vacuum  of  B.    The  dilatation  of  this  air  wiu 


lower  the  column  of  B,  which  will  remain  lower  than  that 
of  A.  The  difference  will  give  the  measore  of  the  dastidtr 
of  the  gas  at  this  temperature.  Send  up  a  drop  of  li^pud 
into  the  barometric  chamber  oi  G,  it  will  be  converted  mto 
vapour,  which  will  depress  the  mercury ;  and  the  quantity 
of  tliis  depression,  compared  with  A,  will  give  the  tension  of 
the  vapour  of  water  at  that  temperature.  Plunge  the  two 
tubes  B  and  C  vertically  into  a  mercury  cup,  their  mer- 
curial columns  will  always  be  shorter  than  that  of  A ;  but 
the  difierence  between  A  and  B  will  continue  increasing  in 
proportion  as  the  air  is  more  compressed — a  proof  that  its 
elasticity  increases,  while  the  difference  between  A  and  C 
remains  mvariable.  The  vapour,  therefore,  of  water  has 
always  the  same  elasticity  in  a  fiUed  space,  whether  this 
space  be  great  or  small ;  for,  as  soon  as  this  space  is  con- 
tracted, a  part  of  the  vapour  of  water  passes  into  the  liquid 
state.  It  is  only  while  the  space  is  not  saturated  that  the 
vapour  acts  as  a  gas,  until  the  space  is  sufficiently  contracted 
to  bo  saturated. 

Temperature  produces  the  same  effects  as  pressure.  Sup- 
pose the  three  barometers  to  be  placed  in  a  situation  ui 
Avhich  the  thermometer  stands  at  20°.  Suppose  fhrther, 
that  the  mercurial  column  A  is  758*"  long;  those  of  B  and 
C.  740"'";  the  elasticity  both  of  the  air  and  the  vapour  will 
be  equal  to  18"".    Let  the  instruments  be  carried  to  a 
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i  aao;  A  will  not  change 

beeame  the  redaction  of 

iflticitj  of  the  air  and  the 

iriUno  longer  depress  the 

£xMCt  mewiuements  will 

Kve  risen  to  741"",13,  the 

elasticity  of  the  air  has, 

of  18  :  ie,87,  whilst  the 

of  die  tmmm  of  the  ywpoxm  has  been  only  5*",68, 

9iKtiaB  of  the  Tiqpoar  has  passed  into  the  liquid  state. 

fafClyMiom  undertaken  hy  phjlosophcfs  shew  that, 

TCHDle  the  tcmperatore  ei  die  space  oocapied  by 

"*  Ir  at  KTo;  at  the  tenmentnre  t  thia 

0,00875  t    We  shall  presently  see 

nrofwateTfaftdifleient  ten^eratoresy 

_  of  the  Ttponr  of  water  into  the  liqaid  state, 
woida,  its  precip&atkmj  gives  rise  to  a  multitnde 
that  are  the  subjects  of  daily  observation.  If 
a  decanter  of  cold  water  is  brought  into  a  room 
by  several  persons,  and  m  which  the  air  is  slightly 
,  it  fa  instantly  covered  with  dew,  for  the  air  in  con- 
taeC  with  the  decanter  is  cooled  down ;  but  as  it  contains  a 
mater  qoantity  of  vapour  than  would  completely  saturate 
&  at  tfafa  temperature,  a  portion  of  this  vapour  passes  into 
the  iteite  of  liquid:  however,  this  dew  does  not  nil  to  dis- 
apipear  as  soon  as  Ihe  ndes  of  the  vessel  have  become 
warmed.  In.  winter  the  same  phenomenon  is  observed  on 
flqpans  of  giaas.  A  |Knrtion  of  the  vi^pour  of  water  con- 
tuned  in  the  ehamber  is  precipitated  in  the  form  of  dew  on 
Ae  rarfbee  of  the  squares,  that  have  become  cold  during 
tile  n%^.  If  the  vapour  does  not  find  any  solid  body  on 
whidi  it  may  be  precipitated,  it  remains  snspoided  in  the 
aar  under  the  form  of  httle  vesicles,  the  assoeiation  of  which 
ftmnB  a  ibg.  Tbis  fb^  is  very  wdl  seen  when  a  vessel  filled 
with  water  is  heated  m  the  open  air ;  the  air  heme  unable 
to  dissolve  all  this  vapour,  it  passes  away  in  a  vesicumr  state. 

CSOMlCAIa      OOMVOSmOlf      OP      THB      ATMO- 

tSPHBRB. — When  we  reflect  upon  the  number  of  gases 
and  vapoors  of  diflerent  kinds  that  are  disengaged  at  the 
sor&ee  of  the  globe,  we  might  be  induced  to  believe  that 
we  should  find  them  all  when  we  analyse  atmospheric  air. 
Bat  their  quantity  is  so  small  in  comparison  witn  the  im- 
mensity or  the  aerial  ocean  that  it  escapes  our  means  of 

*  Aooovdiiig  to  tlM  more  ncent  retetrchet  of  lOL  RuduMi  Rsgkault* 
and  MAiawvWttM  true  Ythie  of  thli  ooeffident  is  0,00866. 
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iuNCsti^atioii.  One  portion,  moreover,  serves  for  the  nutri- 
tion of  animals  and  plants,  or  combines  with  rocks  and 
metals.  A  very  few  gases,  toother  with  the  vapour  of 
water,  are  all  that  arc  found  m  the  atmosphere.  Some 
meteorologists  having  explained  rain  and  certain  other  phe* 
nomena  by  chemical  reactions,  we  must  here  enumerate  toese 
component  parts. 

The  analysis  of  air  every  where  shews  ns  oxygen, 
nitrogen,  vapour  of  water,  and  also,  almost  always,  a  little 
carbonic  acid.  We  will  presently  point  out  the  means  W 
which  the  quantity  of  vapour  of  water  may  be  estmutten. 
Let  it  suffice  to  shew  how  its  presence  may  be  rendered 
evident.  Concentrated  sulphuric  add,  chloride  of  calchun, 
and  other  bodies,  have  the  property  of  absorbing  water  with 
great  avidity.  K  accurately  weighed  quantities  of  these 
different  bodies  are  placed  in  a  watch-glass,  it  will  be  seen, 
after  a  few  hours'  exposure  to  the  open  air,  that  their  weuriit 
has  notably  increased;  and  chemical  analysis  proves  tnit 
they  have  absorbed  water.  To  determine  the  quant^  of 
water  contained  in  a  cubic  decimetre,  for  example,  ox  air, 
wc  have  recourse  to  the  followmg  process :  a  tin  vessel,  of 
the  capacity  of  about  six  litres,  is  pierced  above  and  below 
with  two  orifices,  which  may  be  closed  by  means  of  a  stop- 
cock ;  tins  vessel  is  filled  with  water,  and,  by  means  of  a 
(Tjrlinder  of  caoutchouc,  an  horizontal  tube  of  glass,  about 
three  decimetres  long,  and  several  millimetres  m  diameter, 
is  fixed  to  the  upper  orifice.  This  tube  contains  filaments 
of  asbestos,  and  ura^cnts  of  sulphate  of  lime,  or  of  pumice- 
stone,  moistened  wiUi  sulphuric  add,  and  so  plaoea  as  not 
to  intercept  the  passage  of  the  air.  Before  fixmg  this  tube 
to  the  apparatus,  it  is  accurately  weighed.  Both  stop-cocks 
are  then  opened,  and  three  litres  or  water  are  allowed  to 
escai)e.  These  three  litres  of  water  are  replaced  by  three 
litres  of  air,  which  rush  in  through  the  tube,  abandoning  to 
the  sulphuric  add  the  vapour  of  water,  with  whichthey 
are  charged.  If  the  tube  is  again  weighed,  its  weight  will 
be  found  to  have  increased,  and  the  increase  of  weight 
is  equal  to  the  weight  of  water  contained  in  three  litres 
of  air. 

AMiilst  the  quantity  of  the  vapour  of  water  varies  notably, 
according  to  the  condition  of  the  atmosphere,  the  quantities 
of  oxygen  and  nitrogen  remain  constant.  Oxy^n,  as  we 
know,  supports  combustion  and  animal  respiration.  This 
nia^r  be  proved  by  procuring  oxygen  in  a  state  of  perfect 
purity.  Close  a  tube  at  one  of  its  extremities,  then  bend  it 
with  an  obtuse  angle,  at  four  or  six  centimetres  from  the 
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f :  introdnne  within  it  some  red  oxide  of  mercury, 
.  ehknle  of  potMi.  On  heating  these  bodies,  the 
wldeh  th^  eontain  is  disengaged,  and  may  be  coU 
viidcr  ft  beU-fldasB  filled  with  water,  and  inverted  in  a 
tnm^fi.  When  the  glass  is  filled,  an  extinguished 
will  be  rekiiidled  in  it,  and  will  bom  with  greater 
than  in  the  air;  and  an  iron  wire  twisted  into  a 
tff"— «™»  and  throw  out  bright  sparks. 
When  ft  hodw  bums,  onjfesi  combines  widi  it,  and,  in 
■tQaaaee  of  tills  combination,  heat  is  devdoned,  which 
n  hecome  Inminoos.  A  new  body  is  tne  product 
-if  ttii  eooiUnatkm.  If  it  is  solid  and  combustible,  the 
sygsn  gM  aitirely  disappears.  Ml  with  oxygen  a  bell- 
OM  kifealed  oirer  meieuiy,  mtroduce  mto  it  a  piece  of 
ftosfbora^  iriuch  ean  be  ignited  by  means  of  a  lens,  all 
&B  ai|gi  win  disappear.  If,  instead  of  phosphorus,  we 
had  rUniilnrrd  under  tne  glass  incandescent  coals,  the  oxygen 
mwUt  hi  like  manner,  have  disappeared,  but  would  nave 
been  lepleoed  by  a  |;a8  incapable  of  supporting  respiration 
cr  eoBUiaatiwi.  Thu  gas  will  destroy  the  transparency  of 
lliic  water.  These  phenomena  are  easily  explained :  in  the 
iitnier  ease,  phosphoric  acid  is  formed,  which  attaches  itself 
to  the  sides  of  the  vessel  in  the  form  of  a  solid  body ;  in 
the  latter,  carbonic  add  is  produced,  which  remains  in  the 
gasooni  state,  and  does  not  pass  into  the  solid  state  until  it 
ffMiimif  inth  the  lime  suspended  in  the  liquid. 

In  ocder  to  measure  the  quantity  of  oxygen  contained  in 
air,  we  have  merelv  to  enclose  in  a  graduate  tube  a  deter- 
ndnale  qnantity  of  air.  It  is  plun^d  into  a  mercury  bath, 
and  a  piece  of  phosphorus  is  then  introduced  into  the  tube ; 
it  la  heated,  ana  tiie  phosphorus  consumes  and  absorbs  the 
Qrmtkf  and  the  difierence  between  the  space  or^nally  oc- 
copfed  by  the  air  and  the  volume  of  gas  remaining  ^ves 
the  measure  of  the  quantity  of  oxygen  that  it  contained. 
IL  arBmer  has  proposed  a  process  imalogous  to  that  >vhich 
is  emptoyed  in  measuring  tne  quantity  of  vapour  of  water 
eontamed  in  the  air.  Fragments  of  phosphorus  are  intro- 
dnoed  into  a  tube,  it  is  weighed,  ana  an  accurately  deter- 
ndned  quantity  of  air  is  then  passed  through  the  tube ;  the 
inoease  of  the  weight  of  the  tube  will  be  equal  to  the 
weight  of  the  oxysen  of  the  air.  What  remains  is  nitrogen, 
a  gas  that  cannot  be  fixed,  and  that  serves  neither  for  com- 
bustion nor  for  respiration.  A  little  carbonic  acid  is  also 
iSrand,  as  well  as  traces  of  organic  substances. 

There  also  exist  other  modes  of  analysis,  and  all  a^^cc 
in  shewing  that  a  volume  of  atmospheric  air  is  every  where 
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•VapoaxB  and  gases  obey 
hmy  "by  iriuch  the^  are  entirely  separated  from 
fKUualjp  ID  called.    If  we  ponr  into  a  vessel  water, 
^  01I9  or  other  llqnidsi  tbat  do  not  oomlMne  chemi- 
mtf  fliiMige  ihemael'ires  aoooiding  to  their  specific 
:^  Ae  oil  will  swim  at  the  sur&oef  the  water  will 
in  itm  middle';  and  the  mercoiy  will  occupy  the 
prt  of  llie  'vesseL     But  if  we  place  together,  in  a 
nflbsntoKi,  lor  example,  hyuogen,  oxygen,  and 
aeid»  ue  densities  of  which  are  in  the  order  in 
m  bvse  Baned  the  gases,  we  shall  not  see  the  car- 
~~    ^  to  tite  bottom  of  the  vessel,  nor  the 
_  to  the  top,  and  the  oxygen  placing 
tbem.     Aooorduw  to  a  law  (UMoyered  by 
and  aitoiwu'dB  devekmed  by  Dalton  and  Ora^ 
mntoally  in  the  most  intimate  manner. 


mStk  penetrates  another  condncts  itself  exactly  as  if 
;  ana  the  other  gas  merely  diminishes  its  expan-  ' 


if  IL  BauauB.  at  tlM  Miminit  of  the  FtnliMni,  did  not  aooord  with  the 
>«f  MM.  DjlLTON  and  Babikst. 

to  obtaiii  a  deflnite  solution  to  the  question,  M.  DrxAS  wm 
■iniiHiH  to  me  twelve  hollow  qtheres,  each  of  the  cspacity  of 
▲  TMuam  wee  mede  at  Paris  In  each  of  these  spheres  to 
'  er  If*  ndtUmetres ;  the  neck  of  each,  havhig  been  closed  by  a 
vseved  with  a  very  thiok  cap  of  eaoatdume.  At  perioda 
gpetieBBly  agreed  upon,  I  ooUected  the  air  at  the  summit  of 
SB7S  metres  abore  the  level  of  the  sea,  whilst  M.  Dumas 
\  ef  Parie»  and  M.  Baimifsa  that  of  Berne,  540  metres  above  the 
aallerting  the  air,  I  exandned,  with  the  assistance  of  M.  Bka- 
TAH»  to  ■••  that  the  s^ieres  had  preserved  the  Tacuum,  by  connecting  them 
jed  Into  a  baabi  of  mercury.  The  mercury  rose  imder  the 
of  praaaore,  and  I  compared  the  length  cS  the  colnmn  with  that 
Mter.  Theae  examinations  proved  that  the  qiheres  had 
tte  vaieiram. 
.DoMAa,  hanrtaff  aoabraed  the  air  ocmtalned  in  these  rohersa,  ftrand  that 
OHaealtioii  vte  aenably  the  same  aa  that  of  the  air  of  Paris  and  of 
the  dUBneneea  are  within  the  inevitable  errors  <tf  experiment 
Ar  *•  detaflib  Tide  AnmOa  de  ChinUe  ct  de  Pkjfsique,  t.  Ixxviii.  p.  257. 

M.  MiiBiQVAC  analfied  the  air  of  Geneva,  and  M.  Stab  that  of  Brusmls, 
'    r  M.  Ddmas's  apparatus.    They  fiMuid  Its  composition  identical 
tte  air  of  Paris.    But  a  young  Dani4i  chemist,  M.  Levy,  ool- 
the  air  daring  a  nasaage  fWm  Havre  to  Copenhagen,  as  near  as 
to  the  sorftMse  of  the  sea.    This  air,  whMi  compared  with  that  of 
.  with  air  ooUeeted  on  the  coast  of  Kronoerg  with  the  sea- 
•nd  at  twelve  metree  above  the  level,  prseented  a  somewtiat  Icaa 
jBoynrtlBSi  of  oxygen,  as  the  ibllowing  numbera  prove : — 

Mean  of  the  air  at  Copenhagen     ....    2299,8 

on  the  coast 2801,6 

in  the  open  see    ....    2257,5 

■Dtlmt,  ftir  want  of  any  proof  to  the  contrary,  we  may  say  that  the  air 
>  every  where  the  same  composition,  except  at  the  surftkce  of  the  sea  (vide 
itu  remdms  de  FlmlUui,  t.  xiv.  p.  3G0  and  570.  1842). 
rtth  regard  to  traces  of  carbonic  acid,  and  sulphuretted  or  carburettcd 
hydrogen,  ammonia,  and  nitric  add,  which  have  been  noticed,  them;  arc 
local  aoddenta,  that  can  have  no  influence  over  the  general  mass  of  mcteor- 
ologieal  plwDMoaeoa.— M. 
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sion.  K  two  spheres  of  the  same  capacity  are  taken,  and, 
after  ha^-ing  filled  one  with  carbonic  acid  gas,  which  is  Teiy 
heavy,  and  the  other  with  hydrogen,  the  lightest  of  aeriform 
bodies,  and  having  connected  them  by  means  of  a  Tery  nar- 
row tube,  placing  the  one  containing  hydrogen  uppermost, 
and  the  other,  containing  carbonic  acid  eas,  lowermost,  these 
gases  will  nevertheless  mix,  so  that  ea^  globe  will  contain 
an  equal  quantity  of  each.  The  time,  nccessaiy  for  the  pene- 
tration to  take  place,  depends  on  the  density  of  the  gases. 
The  same  law  applies  to  vapours. 

The  two  gases,  oxygen  and  nitrogen,  which  constitute  the 
atmosphere,  are  not  in  a  state  of  chemical  combination ;  but 
they  do  not  separate  so  that  ox3rgcn  shall  be  below  and 
nitro^n  above.  They  are,  on  the  contrary,  continually 
mixed  by  the  horizontal  winds  and  the  ascending  cnmnts^ 
which  are  so  visible  in  mountainous  countries.  It  hence 
follows  that  there  is  no  difference  in  the  composition  of  the 
atmosphere,  when  analysed  at  different  heights.* 

TENSION  OF  THE  VAPOUR  OF  WATER  AT  DIF- 
FERENT TEMPERATURES. — We  have  seen,  that  at 
equal  temperatures  the  tension  of  vapour  is  the  same  in  a 
large  or  in  a  small  space,  provided  the  space  is  completely 
saturated.  Analogous  researches  shew  that  this  tension  n 
also  the  same,  whether  the  space  is  deprived  of  air  or  filled 
with  any  gas.  The  only  difference  between  the  two  eases  is, 
that  a  vacuum,  containing  a  sufficient  quantity  of  water,  b 
always  in  a  state  of  saturation.  If,  on  the  contrary,  the 
space  is  filled  with  air,  a  certain  time  elapses  before  the 
vapours  spread  throughout  the  entire  space. 

A  very  simple  process  is  had  recourse  to  for  measuring 
the  tension  of  vapour  at  different  temperatures.  A  drop 
of  water  is  sent  up  into  a  barometric  chamber,  and  we  notice 
how  much  lower  the  column  rests  than  does  that  of  a  good 
barometer  placed  at  the  same  level.  The  difference  gives 
the  corresponding  tension  of  the  vapour  at  the  temperature 
simultaneously  obsen'cd.  In  order  that  the  results  may  be 
exact,  tubes  of  about  two  centimetres  in  diameter  must  be 
employed,  so  as  to  avoid  error  resulting  from  capillary  de- 
pression of  the  mercury ;  all  the  observations  must  also  be 
reduced  to  the  same  temperature  of  the  mercury  column. 
It  is  the  neglect  of  these  precautions  that  explains  the  want 
of  agreement  between  the  quantities .  obtained  by  different 
philosophers.  I  give  here  two  tables ;  the  first  constructed 
by  myself,  the  second  by  M.  An^nat : — 

*  fide  the  preceding  note. 
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0,66 
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0,65 
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—21    0,92 

0,91 

0,91 

0,90 

0,90 

0,89 

0,88 

0,88 

0,87'  0,86 

— 20    1,01 

1,00 

0,99 

0,98 

0,97 

0,96 

0,93 

0,95 

0,941  0,93 

—19    1,10 
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1,07 
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1,03 

1,04 

l,03l  1,02 

—18    1,20 

1,19 
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1,14 

1,13 

1,12!  1,11 

-17    1,29 
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1,39 
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1,37 
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2,08   2.06 
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2,39 

2,37 
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2,32 

2,30 

2,28 

2,26 
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—  8 

a,fl7 

2,33 

2,33 

2,51 

2,49 

2,47 

2,43 

2,43 

2,42!  2,41 
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2,6 1 1  2,59 
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—  6 
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3,11 
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8,07 

8,05 

3,02,  3,00 
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3,45 
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3,35 
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0 
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TB 
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t 
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1 

-iM 
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TTi 

5,1b 

5,J9,  5,23 

2 
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5,49 

3,63 
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3 
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4 

6,02 

6,06 

6,11 

6,15 

6,19 

6.24 

6,28 

6,32 

6,30'  fi,4l 

3 
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m  0,45 
m  0^0 
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0,66 
0.61 

0,43 
0,47 
0,52 
0.56 
0,61 

0,42 
0,46 
0,S1 
0,55 
0,60 

0,42 
0,46 
0,31 
0,35 
0,60 

0,41 
0,45 
0,30 
0.34 
0.69 

-35 

-24 

-32 

0,7& 
0.77 
0.83 

o.tjy 

0,76 
0,63 
0,69 
0,»S 

o,ti« 
0.7.^ 
0,N2 
0,S8 
0,97 

0,68 
0.75 
0.82 
0,88 
0,96 

0,67 
0.74 
0,81 
0,87 
0,93 

0,66 
0.73 

0,80 
0,86 
0.93 

0,66 

0,73 
0,80 
0.86 
0,S4 

0.65 
0,72 
0,79 
0,85 
0,93 

0,64 

0,71 
0,78 

0,84 

0.92 

0,64 
0,71 

0,78 
0,84 
11,91 

.21 

-19 

-18 

-17 

1,13 
1,26 
1,33 
1.44 

1,05 
1,14 
1,25 
1,32 
1.43 

1,04 
1,13 
1,24 
1,31 
1,42 

1.04 
1,12 
1,33 
1,31 
1,41 

1,UJ 
1,11 
1,22 
1,30 
1,40 

1,21 
1,29 
1.39 

1,02 
1,10 
1,30 
1,29 

1.38 

1,01 
1,09 
1,18 
1,28 
1,86 

1,00 
1,08 
1,17 
1,27 
1.35 

1,00 

1,07 
1.16 
1,27 
i.;U 

-18 
-14 

-la 

1,36 
l.GB 
1,S0 
1,96 
2,12 

l,3i 
1,68 
1,79 

1,94 
2.10 

i.sa 

1.67 
1,78 
1,93 
2,09 

1,52 
1,63 
1,77 
1,91 
2,07 

1,51 
1,64 
1,76 
1,89 
2,03 

1,50 
1,63 
1,75 
1,88 
2,04 

],49 
1,61 
1,74 
1,86 
2.02 

1,47 
1,60 
1,73 
1,85 
2,01 

1,46 

1,39 
1,71 
1,83 
1,99 

1,45 
1,37 
1,70 

1,82 
1,98 

-11 

:i 

-7 

2,30 
2,48 
2,66 
2,86 
3,06 

a,ii8 

2,4fi 
2,64 
■2,84 
3,06 

3,-ib 
2,44 
2,62 

2,82 
3,04 

2,25 
2,43 
2,61 
2,80 
3,02 

2,23 
2,41 
2,39 
2,78 
3,00 

2,21 
2,39 
2,67 
2,76 
2,97 

2,19 
2,37 
2,55 
2,74 
2,96 

2,17 
3,33 
2,B3 
2,72 
2,93 

2,16 
S,34 
2,52 
2,70 
2,91 

2,14 
2,32 
2,30 

2.68 
2,88 

-  e 

-  5 

-  4 

-  3 

-  2 

8,56 
3,83 

4,11 
4,40 

3,29 
8,56 
3,80 
4,07 
4,87 

3,27 
a,54 
3,7S 
4,06 
4.34 

3,25 
3,51 
5,75 
4,02 
4,32 

3,23 
3,48 
3,72 
3,99 
4,29 

3,20 

3,46 
3,70 
3,97 

4,26 

3,18 
3,43 
3,67 
3,94 
4,23 

3,16 
3,40 
3,64 
3,91 
4,30 

3,14 
3,37 
3,61 
3,88 
4,17 

3,11 
3,35 
3,59 

3,88 
4,14 

-  1 

-  0 
0 

4,71 
3,05 
5,05 

4,«8 
5,01 
fi,09 

4.65 

4,98 
3,12 

4,62 
4,93 

S,I6 

4,59 

4,91 
5,19 

4,56 

4,88 
5,23 

4,53 

4,85 
5,27 

4,49 

4,81 
5,30 

4,46 
4,78 
5,34 

4,43 

4,74 
5,37 

ON  AQUBOTIB  XSTXOia. 
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TEKTBS  OF  SEGBEE!. 

0 

^1a 

3 

4 

5 

6 

7 

( 

1 

5,41 

3,43    5,49 

6,32 

5,56 

5,60 

3,64 

5,68 

5, 

2 

5,80 

3,8*    5,88 

5,92 

6,96 

6,00 

6,0* 

6,08 

Cy. 

3 

6,20 

6,24   6,29 

6,33 

6,37 

6,41 

6,46 

6,30 

6, 

* 

6,63 

6,68    6,72 

6,77 

6,81 

6,86 

6,90 

6,95 

6, 

S 

7,08 

7,13]  7,18 

7,23 

7,28 

7,33 

7,38 

7,43 

7, 

6 

7,58 

7,63    7,68 

7,74 

7,79 

7,84 

7,89 

7,94 

"t^ 

7 

8,10 

B,I5|  8,21 

8,26 

8,32 

8,37 

8,43 

8,48 

8, 

e 

8.64 

B,TO.  8,76 

8,82 

8,87 

8,93 

8,99 

9,03 

9, 

9 

9,23 

9,30,  9,36 

9,43 

9,50 

9,67 

9,63 

9,70 

9; 

10 

9.90   9,96'10,O2 

10,08 

10,14 

10,20 

10,26 

10,31 

10, 

~n 

10,49|  10,6610,63 

10,69 

Tve 

10,83 

10,90 

10,96 

11, 

12 

11,17 

11,2411,31 

11,38 

11,45 

11,32 

11,59 

11.66 

11. 

13 

11,9412,02 

12,10 

12,18 

12,26 

12,34 

12,42 

12, 

14 

12,66 

12,74|l2,82 

12,90 

12,98 

13,05 

13,13 

13,21 

13, 

11 

13,44 

13,52  13,61 

13,69 

13,77 

13,86 

13,94 

14,02 

14, 

U 

14,28 

14,37  14,47 

14,56 

14,65 

14,74 

14,84 

TiM 

15; 

17 

15,20 

15,29  15,38 

15,46 

15,53 

13,64 

15,73 

15,82 

13, 

18 

16,08 

16,17  16,27 

16,36 

16,43 

16,54 

16,64 

16,73 

16. 

19 

17,01 

17,13  17,25 

17,37 

17,49 

17,61 

17,73 

17,85 

17, 

20 

18,20 

18,31  18,43 

18,34 

18.65 

18,76 

18,88 

18,99 

19, 

"21 

19,33 

19,45  IV6 

19,68 

19,80 

19,92 

20,03 

20,15 

20, 

22 

20,51 

20,63  20,76 

20,88 

21,01 

21,13 

21,25 

21,38 

21. 

23 

21,75 

21,88  22,00 

22,13 

22,26 

22,38 

22,51 

22,63 

2a; 

24 

23,01 

23,13  23,34 

23,36 

23,48 

23,60 

23,71 

23,83 

23, 

S£ 

24,18 

84,34 

24,67 

24,83 

24,99 

25,16 

25,32 

25, 

~l6 

2Ml 

23,97 

26,13 

26,28 

26,44 

26,60 

26,76 

26,92 

27, 

27 

27,39 

27,55 

27  71 

27,86 

28,02 

28,18 

28,34 

28,50 

28, 

as 

a8,9« 

29,13 

U),29 

29,46 

29,63 

29,79 

29,96 

30,13 

3a 

29 

S0,68 

80,81 

31,16 

31,33 

31,51 

31,69 

31,86 

3-2; 

30 

32,39 

32,57 

?2^ 

82,&4 

83,13 

33,31 

33,50 

33,68 

33, 

31 

HM 

34143 

34,63 

84,82 

35,02 

35,21 

35,40 

35,60 

35, 

sa 

36,18 

36,38 

36,59 

36,79 

36,99 

37,20 

37,40 

37,60 

37, 

S3 

38,21 

38,43 

38,64 

38,86 

39,08 

39,29 

39,51 

39,73 

39. 

34 

40,38 

40,60 

40,82 

41,04 

41,26 

41,49 

41,71 

41,93 

42. 

33 

12,59 

42.82 

43,05 

43,28 

43,51 

43,74 

43,97 

44,20 

44 

(Vide  Appendix,/^.  6.) 
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The  twe  of  these  tables  is  very  simple.  Suppose  we 
desire  the  tension  of  the  vapour  that  saturates  a  space, 
having  a  temperature  of  20'',4 ;  we  look  for  20°,  in  the  first 
vertical  column,  and  for  0°,4,  in  the  firtt  horizontal  line, 
and  take  the  number  that  is  found  where  these  two  columns 
meet.  My  table  gives  17"°',29,  M.  AsKnat's  gives  IS-^tes. 
I  cannot  say  whence  this  difference  arises ;  but  it  is  sreatly 
to  be  desired  that  these  experiments  be  repeated  \iitS  tabes 
having  ver^  large  diameters.  1^1.  AoKvafa  results  agree 
Te^  well  with  those  that  have  been  admitted  by  the  gene- 
nlity  of  philosophers  (  wc  shall  adopt  them  throughout  this 
-work. 

WSIOHT     or    THE    VAPOtJK     OF    ^TATSX.  —  To 

ascertain  the  weight  of  the  vapour  of  water,  a  quantity  of 
irater  of  a  determinate  weight  is  sent  up  into  the  tube  of 
n  Iwrometer.  On  heating  the  lube,  the  tension  of  the 
■vaponr  increases ;  at  first,  the  depression  of  the  barometric 
Oolunm  ia  equal  to  that  indicated  to  us  in  the  two  preceding 
tables.  But,  on  continuing  to  heat  it,  a  period  ia  attained 
■t  which  tlie  tension  increases  very  slowly,  and  according  to 
the  law  of  a  gas.  The  temperature  at  which  the  sudden 
diminution  in  the  rapidity  of  the  increase  of  the  elasticity 
takes  place  is  the  point  of  saturation.  If  we  know  the 
capadlT  of  the  space  filled  by  the  vapour,  we  mav  deduce, 
from  the  known  weight  of  the  water  mtroduced,  tne  weight 
of  the  vapour  contained  in  a  given  space.  Trials  of  this 
kind,  fhun  the  experiments  of  M.  Aowvmt,  give  the  follow- 
ing as  the  weights  of  water  saturatinc  a  space  of  a  cubic 
metre  at  the  temperature  indicated  in  the  table.* 

!■  Plisiinr,  %.  U.  p.  S64,  tau  gfiai  *  Uble, 

mding  weltihl  in  enunmcfl  of  the  Titpoiir  conUlncd  In  m 

The  Inipectlon  of  this  ^li^^A  khewB,  IfaAt  fnm  0°  to  'iS*, 

'    mllUmnns.  1b  Hodtlj  eqiul  to  tJw  weight  at 

Thus,  At  the  tnuperftture  of  ti*,  tbv  len^lon 

,  thevelghlofthflTuouroootalned  Inscubto 

the  temptnlunof  16*.  tha  tendon  U  iffi.  th« 


„.„„. 

.a„„. 

o^.... 

~--2r. 

6 

«,25 

~-i\ 

7 

8,79 

—■13 

S 

S,30 

—■2-2 

9 

9,86 

-n 

10 

10.57 

—20 

11 

11,18 

— ly 

Vi 

11,83 

1, 

IS 

iVr 

14 

13,33 

iM 

15 

14.17 

—  15 

•J,00 

14.97 

-u 

2,14 

17 

15.H4 

—  13 

2,3a 

IH 

]'J,7(J 

—  12 

2,48 

lU 

2,63 

20 

iS,T7 

2,S7 

1!*,S2 

3,08 

20,yi 

.1,30 

23 

■22,  OS 

;wa 

24 

23,36 

a.iio 

2,; 

24,61 

—  r. 

-l.OS 

2tf 

23,90 

4,:J7 

27 

27,34 

28,S1 

—  '2 

5,01 

29 

30,35 

S.S-J 

30 

31,53 

ai 

33.G5 

I 

O.oo 
(;,4-> 

32 
ilrl 

35.45 
37,20 

i;,s-i 

34 

39,12 

i 

3.5 

41,13 

^ 

SU 

43,17 

"Jl 


If  we  knrnv  tlio  ten: pcral lire  af  which  a  given  space  i* 
saturatci),  vx  mny  deduce  from  it  tlic  weight  or  the  laaki 
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tf  the  vmpcmr  ecmteined  in  a  eafak  metre  of  air.  Thus, 
Ik  weight  of  the  quantity  of  vapour  contained  in  a  cubic 
Mtie,  at  the  temperature  of  l(f^  will  be  10r^7 ;  the  tension 
€f  the  vmpoar  of  water,  9"",90.  Each  of  these  numbers  is 
sho  enresnre  of  tibe  quantity  of  vapour  of  water.  In 
Meteosology  it  is  better  to  give  the  tension.  Thus,  if  in 
fte  vicinity  of  the  gronnd  we  find  that  the  air  is  saturated 
it  ft  tcmperatnre  of  10^,  and  if  vapour  expands  accord- 
h^  to  the  laws  of  the  dilatation  of  elastic  fluids  up  to  the 
finita  of  the  atmosphere,  the  weight  of  this  vapour  will 
hafamoe  a  eolnmn  ofiiiercnTy  9"",90  in  length.  It  is  lawful 
lor  na,  therefoie,  to  consider  the  corresponding  tension  of 
viQOQr  at  each  temperature  as  equal  to  the  weight  of  the 
of  the  vapour  of  water  difibsed  throughout  the 
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The  enonDODS  dilatation  of  the  vapour  of  water,  under  the 
iofliieiiee  of  heat,  shews  us  the  important  part  which  this 
agent  plajni  in  its  production ;  of  tnis  we  snidl  be  further 
convinced  if  we  study  the  phenomena  of  evaporation.  Pour 
into  an  open  metal  vessel  some  water  at  the  atmospheric 
temperature,  and  heat  it  by  means  of  a  lamp  placed  beneath 
the  vessel.  A  thermometer  placed  in  the  water  will  indi- 
CBle  the  time  of  its  attaining  the  point  of  ebullition ;  it  ^vilI 
then  remain  stationary,  audit  will  be  in  vain  to  increase  the 
file,  the  thermometer  will  not  rise  above  100°.  If  the  ves- 
sel is  dosed,  the  temperature  of  the  water  will  pass  the 
pmnt  of  ebullition ;  but,  if  the  vessel  is  then  opened,  the 
vapour  will  escape  violently,  and  the  thermometer  ^vill 
again  descend  to  100°. 

Blaek,  a  Scotch  philosopher,  was  the  first  to  study  the  re- 
lations existing  between  the  formation  of  the  vapour  of  water 
and  the  boiling  point.  In  the  preceding  expenment,  as  soon 
as  the  water  has  attained  the  boiling  point,  all  the  heat  that 
penetrates  the  vessel  does  nothing  more  than  accelerate  the 
evaporation ;  and  these  vapours  take  in  the  excess  of  tem- 
perature without  their  own  temperature  surpassing  that  of 
Dtnling  water.  This  is  proved  by  the  fall  of  the  thermos 
meter,  that  takes  place  as  soon  as  a  closed  vessel  is  opened, 
in  which  the  temperature  of  the  water  had  been  raised 
above  100^.  Black  applied  the  term  latent  heat,  or  latent 
calorie^  to  this  heat,  which  is  taken  in  by  vapours,  but 
which  has  no  influence  on  the  thermometer.  The  existence 
of  this  latent  heat  is  one  of  the  essentials  in  the  formation  of 
vapomt. 
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If  this  theory  be  trne,  the  ktent  hett  of  Tiponr  ought 
to  become  sensible  at  the  moment  when  the  vapour  returns 
to  the  liquid  state.  And  this  actually  takes  place :  some 
very  simple  experiments  prove  it  most  undeniaoly.  If  we 
mix  in  a  vessel  500  grammes  of  water  at  zero  with  500  at 
100°,  we  shall  have  a  kilogramme  of  water  at  50'.  What- 
ever be  the  relation  of  the  quantities  of  water  mixed,  the 
ili<«tribution  of  heat  will  be  made  in  the  same  ratio.  Kwe 
take  10  kilogrammes  of  water  at  zero,  and  add  1  kilogramme 
of  water  at  100°,  the  temperature  of  the  mixture  will  be 

10  X  0  +  1  X  100  _  y  ^ 
11  '  ' 

Let  us  now  pour  1  kilogramme  of  water  at  100^,  in  a  dose 
vessel,  and  connect  it  by  a  tube  with  a  vessel  oontaiiiiDg 
10  kilogrammes  of  ¥rater  at  zero;  if  we  heat  the  former 
vessel,  its  temperature  will  constantly  remain  at  100° ;  the 
vapour,  in  traversing  the  cold  water,  passes  into  the  liquid 
state,  and,  when  tlie  kilogramme  of  water  is  entirely  eva- 
porated, there  will  be  in  the  second  vessel  1 1  kilogrammes 
of  water,  not  at  9^  as  in  the  preceding  case,  but  at  58^ 
This  diiferencc  arises  from  the  latent  heat  which  the  vapour 
hius  given  up  to  the  cold  water.  Experiments  of  this  Kind 
have  shewn  that  boiling  water  has  a  latent  heat  of  about 
63J°,  which  brings  the  total  heat  to  635°  from  zero.  So 
that  the  Quantity  of  heat  requisite  to  transform  a  kilo- 
gramme or  boiling  w^atcr  into  vapour  is  equal  to  that  whidi 
would  elevate  the  temperature  of  the  water  to  635°,  if  it 
did  not  pass  into  the  state  of  vapour. 

Experiment  proves  that  vrater  evaporates  at  all  tempera- 
tures ;  for  if,  in  any  season,  we  expose  to  the  air  an  open 
vessel  filled  vrith  water,  the  water  will  disappear  by  evapo- 
ration. Even  ice  sends  oft*  vapours.  A  piece  of  ice  placed 
in  a  balance  pan,  at  a  low  temperature,  is  found  to  loae 
weight.  The  vapour  formed  under  these  circumstances, 
lowers  the  temperature  of  water,  as  much  as  if  it  were  in  a 
state  of  ebullition.  We  may  convince  ourselves  of  this  by 
means  of  liquids  which  have  the  property  of  boiling  at  veiy 
low  temperatures,  and  which  vaporise  faster  than  water. 
If  the  bulb  of  a  thermometer  is  wrapped  in  cotton  moist* 
died  with  sulphuric  ether,  this  liquid,  by  evaporating,  will 
take  from  the  bulb  Uiat  amount  of  heat  whicn  is  requisite 
to  it  in  its  passage  into  a  state  of  vapour ;  and,  in  the  very 
height  of  summer  the  instrument  may  be  seen  to  descend  to 
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or  dfcn  lower.  Choose  two  thennometers,  as  much 
»  M  powibit,  enfelope  the  bulb  of  one  of  them  in  very 
mattin  moiilcned  with  water,  and  suspend  them  both 
hike  open  air  in  veiy  dry  weather ;  you  will  see  that  the 
Mirt  tlicniioineter  remains  seyeral  d^pwes  lower  than  the 

A  nnhiftiidfl  of  observations  oonflrm  what  we  hare  said. 
Irtent  heat  plays  a  veiy  important  part  in  the  animal 
mmimj*  Wiien  the  skin  is  ooverea  with  perspiration, 
ad  the  latter  ernpomtes,  we  eaqterienoe  a  vexy  marked  sen- 
mtioa  of  eold*  lliis  eyapoiatioa  being  much  less  active  in 
■ofat  than  in  dir  weather,  the  sensation  of  cold  is  much 
tnagier  in  tlie  latter  case.  Henoe  it  is  that  in  summcr- 
IJBit  we  find  the  beat  insopjgortable  when  the  air  is  moist, 
ritjiitngh  tte  thenDometer  is  not  verr  high ;  but,  if  the 
wind  iwpoyas  sueoessiyely  the  atmosphere  saturated  with 
YBponr,  wilih  which  our  body  is  surrounded,  then  the  eva- 
ponttaon  takes  phioe  with  greater  activity.  On  this  account 
it  is  thati  at  equal  temperatures,  and  at  the  same  degree  of 
■nwitni^t  ^*®  eiperienee  a  much  more  marked  sensation  of 
cold,  if  there  is  a  wind,  than  if  the  air  is  perfectly  calm. 

KTOBOXarBKB.  — Our  sensations  tell  us  that  the 
quntity  of  water  contained  in  the  air  is  not  always  the 
sane;  to  determine  this  accurately,  we  have  recourse  to 
bygrometers.  The  most  rigorous  process  is  that  of  Brai&- 
aar.  wliieh  wo  have  already  mentioned ;  but  it  is  imprac- 
ticaUe  in  a  regular  series  of  meteorological  observations,  for 
eveiy  experiment  occupies  about  an  hour. 

Haltm'a  process,  perfected  by  Daaieliy  and  then  by 
moeramr,  is  founded  on  the  following  prmciple.  If  we 
sam^ose  that  a  maai  of  air  is  gradually  cooled,  it  will,  at 
ksti  descend  to  a  d^ree  of  temperature  at  which  it  will  be 
aatimted  by  the  quantity  of  vapour  contained  in  it.  This 
tempcratore,  callca  the  dew-points  bein^  once  known,  all 
that  will  be  then  necessary  is,  to  seek  m  a  table  for  the 
miaatity  of  vapour  which  corresponds  to  it.  Suppose  that 
tms  temperature  is  26°;  if  the  dew-point  is  10^,4,  the  tabic 
(p.  73)  will  give  lO'*",^  of  tension  for  this  temperature  of 
toe  dew-point ;  which  is  equivalent  to  saying,  that  the  prcs- 
sore  of  tne  atmosphere  of  vapour  keeps  in  equilibrium  a 
»tAnwwkT%  of  mercury  10*^,14  in  neight.  In  order  to  find  the 
dew-point,  we  take  the  thermometer  whose  bulb  is  free ; 
we  nnt  surround  it  with  muslin,  and  then  apply  to  the 
lower  half  of  the  bulb  a  thin  cap  of  gilt  silver,  which  ex- 
actly fits  it ;  this  being  done,  sulphuric  ether  is  allowed  to 

«  Vid€  Note  c,  Apptndlx  No.  U. 


fall  drop  hy  drop  on  tho  muslin ;  the  ctlicr  evBuor&tes,  tu  .__ 
takes  auny  beat  uom  the  bulb,  which  soon  attains  the  tem- 
jwratiirc  of  the  dew-point.  At  thb  moment,  the  vapour 
containeil  in  the  lir  cundeosca  on  the  gilt  cap.  Tbe  tem- 
perature must  then  be  accurately  obsen-ed  nt  the  moment 
when  the  gold  is  dimmed.    In  onlcr  that  the  result  may  be 


rigorous,  v 
turc  takes  ptoce 
dcw-jioint,  sn  tV 
wrature  in  all 
little  sulphuric  * 
standing  this  pn 
experiment  mus 
hns  again  bccon 
fall,  until  the  1 
dew-point ;  then 
Bccnd  very  little 
we  soon  get  to  b-i.^ 
obtain  a  result, 

I  shall  not  stop  to  descnoc 
Daalell.     For  daily  oliscrvatiun! 


be  reduction  of  tempcn- 
ble,  when  close  upoa  the 
may  have  the  same  tern- 
,  in  moitt  weather,  tctj 
at  one  time  ;  if^  notwith- 


tore  drops  are  allowed  to 
almost  descended  to  the 
«  ia  added  to  make  it  de- 
Wiih  a  little  ex]>erience 
ity  of  ether  necess&rjr  to 

.ue  a^iparatue  contrived  by 


,  ;  if  it  ia  moist,  it  becomea 
cry  difficult  to  Bay  at  what  degree  of  the  thermometer  the 
gold  is  dimmed.  In  the  light  it  is  impossible  to  observe  this 
mstrumcnt,  and  its  only  real  use  is  to  compare  other  hygro- 
meters with  each  other.' 

The  dew-point  merely  indicates  fo  us  the  quantity  of 
vapours  of  water  which  Uie  air  contains  at  the  moment  of 
observation,  but  this  element  is  not  sufficient  to  characterise 
the  hygrometric  condition  of  tbe  air.  In  winter,  when  it  is 
cold,  the  air  is  often  very  moist,  whilEt  it  would  be  very  dry 
in  summer  if  it  contained  the  samequantityof  the  vapour  w 
water.  The  greater  the  difference  between  the  temperature 
of  the  dew-point  and  that  of  tbe  air,  tbe  drier  the  air  is, 
for  it  then  may  dissolve  in  still  greater  quantity  of  the 
vaimur  of  water,  without  there  being  any  probability  of  tbe 
latter's  Ijcing  precipitated  in  the  form  of  rain.  If  the  dew- 
point  infonnwl  us  of  the  iihsulule  maatUy  of  the  Kapoiir  cf 
icater  contained  in  the  air,  the  difference  between  tne  dew- 
point  and  the  temperature  of  the  air  will  indicate  ta  astht 
Tvla/ir'-  tjiioiililff  o/tlie  rupoiir  of  water,  or  the  humidih/ oObe 
air.  In  order  rcailily  lo  determine  the  element,  let  us  notice 
tlie  quantity  of  vapour  which  the  air  would  contain  at  tbe 
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of  the  obienwtkm,  if  it  were  sataraied,  and  divide 

Ak  mmnfeity  which  iiieaUy  contains  by  this  number.  The 
pntfrnt,  multiplied  by  100,  will  tell  us  how  much  per  cent 
•f  the  lint  quantity  is  contained  in  the  air.  Suppose  a  tem- 
yntme  of  88^^ ;  the  dew-pomt  at  12^1 ;  the  tension  of  the 
Shsolute  qiiantity  of  vapour  will  be  11""",24 ;  if  the  air  were 
■tented  at  38*'4^  the  tension  would  be  29»"y63  ^  the  quotient^ 

ll-,24xl00_ 
29«»,63       —^ '»''»• 

So  flnt  the  air  contains,  at  the  moment  of  the  observation, 
sJbont  88  per  eent  of  the  quantity  of  vapour  of  water,  which 
it  woold  eontain,  if  it  were  in  a  state  of  saturation. 

method  is  still  more  simple.  Modified  at  first 
it  has  lately  been  brought  back  to  its  primitive 
_  by  M.  Aocvflt,  of  Berlin.  Two  thermometers,  as 
is  possible,  and  so  divided  that  a  tenth  of  a  degree 
may  be  aemately  estimated,  are  placed  beside  each  other. 
The  bulb  of  one  is  covered  with  muslin,  kept  constantly 
moist  1^  means  of  a  thread  dipping  into  a  capsule  full  of 
water,  in  consequence  of  evaporation,  the  temperature  of 
llie  moiitened  thermometer  is  lower  as  the  ur  is  drier,  and 
tlie  barometer  lower.  We  may,  therefore,  bv  means  of  the 
eold  axinng  firom  the  evaporation,  know  the  quantity  of 
TipQur  cwiteined  in  the  air ;  and  the  instrument  has  received 
firam  ita  inventor  the  name  of  psychrometer  (;4'yxt»f*  cold). 
Tlie  tme  indications  of  the  thermometer  are  observed,  as 
also  the  eonesponding  barometric  he^ht.  Let  /  be  the  tcm- 
peratore  of  the  dry  Diermomcter ;  r  that  of  the  moist  one, 
each  having  the  centesimal  division;  b  the  height  of  the 
barometer  m  millimetres ;  also  let  «  be  the  tension  of  the 
■vapoor  at  the  temperature  /,  and  i  its  tension  at  the  tcm- 
peratare  f.  For  tne  tension  E  of  the  vapour  contained  in 
ue  air,  we  shall  have 

E=:e'— 0,000804  (t-f)  b. 

If  the  temperature  of  the  thermometer  fiills  below  zero, 
and  its  bulb  is  covered  with  a  h'ght  film  of  ice,  the  following 
finrmnla  must  be  employed : — 

£=^—0,000748  (t-T)  b. 

"Lei  the  dry  thermometer  be  at  2P,  and  the  moist  one  at 
12*^,5 ;  let  6=:752"«",32 ;  Z-*'  will  be  equal  to  8°,5,  and 

0,000804  (*-0  5=0,000804  X  8,5  X  752»",32=:5«'°,14. 
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Moreover,  e'=:ll"«,52;  wherefore  £=11^2 — 5,14z:6~',38, 
>vhich  is  the  ahsolute  quantity  of  Tapoar  of  mter.  At 
2r,e  =  19,33;  and 

6,38  X  100  _^, 
19,83     -^- 

which  is  the  relatire  quantity  of  vapour.*' 

By  this  method,  trom  the  indications  of  two  thermo- 
meters, and  the  state  of  the  barometer,  the  hjgrometric 
conditions  of  the  atmosphere  ma;^  be  deduced ;  out,  if  a 
considerable  number  of  obsenrations  are  in  hand,  these 
calculations  become  veiy  long.  It  would  then  be  veiy  well, 
from  the  mean  height  of  the  barometer  at  the  place  of  ob- 
servation, to  calculate  a  table,  giving  the  absolute  and  rek- 
tivc  quantities  of  vapour  for  each  psychrometric  difieienoc, 
and  for  all  temperatures  in  tentli^  of  degrees.  I  cannot 
recommend  this  method  too  strongly ;  but,  if  we  confine 
ourselves  to  take  the  mean  psychrometric  difference  for  each 
month  merely,  we  should  expose  ourselves  to  very  serious 
errors.t 

The  early  meteorologists  employed  in  their  researches 
org^c  bodies  as  their  hyCTometers.  When  exposed  to 
moist  air,  these  substances  i^sorb  the  vapour  of  water,  and 
arc  enlarged  or  shortened.    The  instrument  of  this  kind 

•  For  the  tue  and  constmctioii  of  the  p^yehrometer,  vMr  E.  F.  Avocn, 
Vchcr  die  Anvendung  dcs  Pfyckrvmet^rs  xur  Hygrormiric^  Berlin,  1838 ;  and 
Vchcr  die  Forttchrine  drr  Ifygromrtrie  im  dcr  nfmrsUn  Zn/,  Berlin,  W30 ; 
PoriLLET,  EUtnetUt  de  Pkun'que^  t.  ii.  p.  WO,  and  pi.  31,  ftf .  »»S. 

t  The  application  of  the  process  requires  the  employment  of  two  identi- 
cal thermometers ;  and,  however  perfectly  an  ordinary  thermometer  m^ 
be  constructed,  we  know  how  difficult  it  is  to  obtain  two  instmmeiiU  strictlj 
comparable. 

Tlii.s  difficulty  might  be  remedied  by  employing  a  dn^e  thermooieter, 
with  a  very  long 'range,  so  as  to  give  indications  at  all  the  temperatores  to 
be  observed. 

The  instrument  most  eminently  adapted  to  obserrations  of  this  kind  Is 
one  of  the  metastatic  spirit  thermometers,  contrived  by  M.  WALPCBDiy,  the 
construction  of  which  is  such,  tiiat  it  is  regulated  at  pleasure  to  all  tempera- 
turo<«,  and  that,  within  the  limit  of  observation  necessary  to  psychrometric 
detorminatiun,  it  can  indicate  the  hundredth  part,  and  even  le«,  of  a  cen- 
tenmal  degree ;  and  yet  its  reservoir  does  not  exceed  in  volume  that  of  the 
smallest  thermometer  employed  in  3Ietcorology. 

In  using  the  instrument,  attention  muM  be  paid  to  keeping  the  globule 
of  mercury  contained  in  the  tul)e,  and  which  serves  as  an  index,  at  a  tem- 
perature slightly  above  the  surroun<Ung  temperature  which  is  then  l»ein'^ 
determined ;  the  instrument  must  then  be  swung  round,  after  it:»  bulb  has 
been  surrounded  with  moist  muu^lin  to  cause  evaporation  ;  the  new  indication 
mu^t  l>€  noted;  and  the  two  obsen'ations  thus  obtained  mu&t  be  compared, 
as  i.4  evident,  with  the  same  instrument. 

In  this  case  the  metastatic  thermometer  l>eeomes  a  moat  simple  and  ac- 
curate psychrometric  instrument.  For  the  description  and  figure  of  tliis 
in«itrunient,  ^Ide  Comptc  rendu  de  rAcademw  des  Sciittces  de  Paris,  t.  xiv.  p.  *i3 : 
and  Lii  Annates  de  Physique  et  de  Chimic  de  Poocekdokff,  t.  Ivii.  p.  549.— M. 
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vbidi  it  bcit  known  is  De  ■ftoasars's  hair  hygrometer. 
A  hair  m  boOed  m  a  weak  solution  of  soda,  in  order  to 
taaare  the  neaae ;  one  end  of  it  is  then  fixed  in  a  frame» 
while  the  ouer  la  rolled  ugan  a  cylinder,  which  carries  a 
leedle.  When  plaeed  in  air  saturated  with  moisture,  the 
hnr  fiffligirtTf,  wnmaa  it  shortens  when  placed  in  dry  air. 
Bi  ■■■■■■■■  i  places  the  number  100  at  the  point  where  the 
BBsdle  rests,  when  the  air  is  completely  saturated,  and  0 
at  tint  where  it  remains  fixed,  when  the  air  is  entirely  dry. 
Ihe  interral  between  these  two  points  is  diyided  into  100 

xUb  inatmment  indicatea  the  rdatiTe  humidity.  When 
k  li  plaeed  in  air  containing  known  quantities  of  vapour, 
dbmm$km  siiews  that  the  degxees  are  not  proportional  to 
tiie  quirtiliBa.  Whak  the  instrument  points  to  eighty, 
tiie  A  eAen  eontains  not  eighty,  but  merely  sixty  or  seventy 
per  cent  of  the  quantity  of  vapour,  which  would  be  neces- 
sary to  saturate  it.  On  this  point  we  possess  the  researches  of 
De  teauMwra  himself,  carefully  recalculated  by  M.  Au^aat. 


nnLATivB  HUiUDrrT  cosbksponding  to  the  degrees  of 
De  Banflsiire's  htgbometeb. 


htgeokxtbii. 

GAT-LUSSAC. 

PRnVSEP. 

MELLOTHI. 

AUGUST. 

100 

100,0 

100,0 

100,0 

100,0 

95 

89,1 

88,7 

90,8 

94,0 

90 

79,1 

78,2 

83,1 

86,0 

S5 

69,6 

68,3 

76,5 

79,0 

80 

61,2 

59,2 

68,9 

71,0 

75 

53,8 

50,6 

62,0 

64,0 

70 

47,2 

43,6 

55,6 

56,0 

65 

41,4 

37,2 

49,6 

48,0 

60 

36,3 

31,5 

44,0 

41,0 

55 

31,8 

26,3 

39,1 

36,0 

50 

27,8 

21,8 

34,6 

31,0 

45 

24,1 

17,7 

29,8 

27,0 

40 

20,8 

14,3 

27,0 

23,0 

35 

17,7 

11,4 

23,8 

19,0 

30 

14,8 

9,1 

19,0 

16,0 

25 

12,0 

7,1 

16,4 

13,0 

20 

9,4 

4,9 

11,7 

10,0 

15 

7,0 

3,0 

8,3 

7,0 

10 

4,6 

1,6 

5,0 

4,0 

5 

2,2 

0,6 

2,6 

2,0 

0 

0 

0 

0 

0 

JB 
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DXU&NAIi  VABXATXONB  IN  TBB  QVAMmnr  OP 

VAPOUR  OF  vrATEJBu  —  TIm  theory  of  tqneous  x^* 
}>our,  and  that  of  hygrometen,  is  a  cmqucat  of  modem 
times.  It  is  therefore  aesirable  that  obsenren  thoald  direct 
their  attention  to  this  snbject  Iknow  of  only  three  series  in 
which  the  number  of  daily  observatioDS  is  sufficiently  great 
to  be  of  any  utility.  One  of  them  was  made  by  M«ab«r, 
at  Apenrade,  in  Denmark,  during  a  year.  He  made  obser- 
vations with  DaaieU's  hy^meter  every  two  hours,  fimn 
fccveu  o*clock  in  the  mormng  until  eleven  at  night  liL 
Kopfer  observed  the  psychrometer  at  Fetersbui^  during 
a  year,  from  eight  o*clock  in  the  morning  until  ten  in  the 
evening.  Fin^y,  I  have  myself  done  the  same  thing 
almost  every  hour  at  Halle,  since  1831 ;  I  have  also  always 
noted  it  in  my  observations  near  the  sea,  and  on  the  Alps. 
My  results  embrace  the  longest  poiod:  I  have  eoliectcd 
them  in  the  foUovring  table :— 
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The  laws  which  mttj  be  deduced  from  these  tables  nre 
very  simple.  At  Ilalle,  the  quantity  of  vapour  attaiiM  its 
niitiiumni  throughout  the  year,  in  the  uiorniug  before  sun- 
rise. At  the  same  time,  on  account  of  the  low  degree  of 
temperature,  the  humidity  is  at  its  maximam.  In  propor> 
tioD  as  the  sun  rises  above  the  horizon,  the  evaporation  in- 
ereaseti,  and  tlic  air  receives  every  moment  a  greater  quantity 
of  vapour.  Itut,  as  the  air  opposes  an  obstacle  to  tue  for- 
mation of  this  vapour,  it  becomes  further  and  Either 
removed  from  the  ]iotnt  of  saturation,  and  the  relative 
humidity  becomes  more  and  more  feeble.  This  rate  con- 
tinues without  interruption  until  the  moment  wheD  the 
temperature  attains  its  maximian.  In  winter,  the  quantity 
of  vapour  regularly  increases  until  toward  the  aflemoODi 
vhcn  the  thermometer  commences  &lling,  the  vapour  is  in 
part  condensed  on  cold  bodies,  and  the  proportion  of  vapour 
diminishes  until  next  morning;  while,  in  consequence  of 
this  reduction  of  temperature,  the  air  becomes  relatively 
moister. 

In  summer,  things  go  on  quite  differently ;  in  that  sea- 
son, the  absolute  quantity  of  vapour  increases  in  the  mominff 
also ;  but,  before  mid-day,  the  maximum  occurs;  and  in  dif- 
ferent months  it  occurs  sooner  or  later.  The  absolute 
quantity  of  vapour  then  diminishes  until  the  time  of  the 
highest  temperature  of  the  day,  without,  however,  attaining 
a  nuiitniuni  so  low  as  that  of  Ine  morning.  As  the  tempera- 
ture rises  during  all  this  space  of  time,  it  follows  that  the 
air  is  further  and  further  from  the  point  of  saturation. 
After  having  attained  its  mimmum,  the  quantity  of  vapour 
acain  increases  very  regularly  until  next  morning,  while 
the  ur  becomes  relatively  more  and  more  moist. 

Although  these  monthly  results  arc  the  means  of  obser- 
vations continued  for  several  years,  I  do  not,  however, 
regard  them  as  definitive.  It  would  be  interesting  to  have 
similar  series  for  a  great  number  of  places ;  for  the  varia- 
tions appear  to  differ  on  several  points  of  the  globe.  Thus 
the  nirumtuB  of  the  quantity  of  vapour  of  water  which 
occun  about  mid-day  is  relativetv  teas  marked  on  the  sea- 
coast.  This  seems  to  be  proved  oy  the  obaerrations  which 
I  made  at  Deep,  near  Treptow,  on  the  Rega,  near  the  coasts 
of  the  Baltic,  duriiip  the  summer  of  1837,  with  the  same 
instrument  which  I  had  employed  during  the  i 
HaUe.  The  following  table  presents  the  mean  ' 
and  the  mean  relative  humidity  of  the  di&rent  houn  of 
the  day  and  night. 


T£XSION  OF  THE  YAPOrS  OF  WATEK  AXO  XBLATIVS  HUmDITT 
AT  TH£  DIFFERENT  HOURS  ON  THE  COASTS  OP  THE  BAI.TIC. 


JTJLT. 

AUGUST.                1 

TENSION 

TENSION 

HOURS. 

of  vapour  in 
millimetret. 

HUMIDITT. 

of  TRpour  in 
miUimetTM. 

HUMIDITT. 

Noon 

11,38 

69,3 

12,44 

65,6 

1 

11,38 

69,0 

12,36 

64,9 

2 

11,41 

70,3 

12,20 

63,9 

3 

11,23 

70,1 

12,54 

67,6 

4 

11,11 

71,0 

12,37 

68,8 

5 

11,06 

71,9 

12,37 

71,2 

6 

11,00 

73,0 

12,35 

73,9 

7 

10,93 

75,6 

12,22 

77,6 

8 

10,74 

79,4 

12,17 

81,2 

9 

10,64 

82,1 

11,98 

81^ 

10 

10,58 

84,0 

11,83 

82,9 

11 

10,46 

85,2 

11,64 

84^5 

Midnight 

10,28 

85,7 

11,42 

85,6 

13 

10,12 

85,9 

11,25 

86,2 

14 

10,05 

86,2 

11,19 

86,8 

15 

10,09 

86,4 

11,18 

87,5 

16 

10,25 

86,2 

11,30 

87,5 

17 

10,50 

84,9 

11,58 

86,7 

18 

10,78 

82,1 

11,83 

84,6 

19 

10,99 

78,6 

12,12 

81,6 

20 

11,07 

75,1 

12,47 

78,0 

21 

11,13 

72,6 

12,55 

78,7 

22 

11,03 

69,2 

12,65 

72,0 

23 

11,19 

68,6 

12,57 

68,2 

Means. 

10,81 

77,6 

nfiH 

77,6 

AVe  see  by  this  table  that  the  rate  of  relatire  moistore 
is  the  same  as  at  Halle,  with  the  exception,  that  the  differ- 
ence between  the  maximum  and  minimum  is  much  less.  In 
July,  there  is  a  very  regular  progressive  increase  in  the 
quantity  of  vapour  of  water  from  the  morning  nntil  the 
siflemoon;  for  partial  anomalies,  such  as  that  at  twenty- 
two  hours,  would  disappear  in  a  larger  series.  In  August,  the 
quantity  of  vapour  diminishes  toward  mid-day,  luthougfa 
much  less  so  than  at  Halle.  We  likewise  do  not  ohoeiTe 
any  increase  towards  evening.  Neuber's  observations  it 
Apcnrade  lead  to  the  same  results.  From  the  calculations 
of  M.  Dove,  the  following  numbers  are  found  for  the  ten- 
sions of  vapour. 
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These  observations  haYing  been  made  irith  DanteU's 
hygrometer,  we  might  imagine  that  the  want  of  coincidence 
in  these  values  depends  on  the  difference  of  the  instruments 
employed.  To  be  certain  on  this  point,  I  made  simultaneous 
observations  for  several  months,  auring  the  summer  of  1836, 
with  the  psychrometer  and  Daaicu's  hygrometer:  their 
indications  agreed  very  well.  We  are  hence  compelled  to 
admit,  that  uieir  want  of  coincidence  is  due  to  differences 
of  climate ;  whilst,  at  Halle,  the  quantity  of  vapour  goes  on 
diminishing  from  morning  till  mid-day  during  the  whole 
summer,  wc  find  no  indication  of  this  diminution  at  Apen* 
radc,  where  it  aumnents  and  diminishes  with  the  tempera- 
ture, and  where  the  differences  between  the  maxima  azid  the 
minima  are  much  more  considerable  than  at  HaUe. 

In  order  to  give  a  value  to  these  differences,  we  must 
know  the  laws  that  these  variations  obey ;  but,  the  number 
of  observations  being  too  limited,  we  must  confine  oorselTes 
to  a  few  general  remarks.  All  these  differences  are  con- 
nected, either  with  the  ascending  currents  or  with  the  re- 
sistance that  the  air  opposes  to  the  transference  of  vapours. 
When  evaporation  commences  in  the  morning  witn  the 
increase  of  temperature,  the  vapour,  by  virtue  of  the  resist- 
ance of  the  air,  accimiulates  at  the  surfiice  of  the  8(ul,  as 
observations  made  at  all  parts  of  the  globe  shew.  This 
stratum  of  vapour  does  not  attain  a  great  thickness ;  lmt» 
as  soon  as  the  ascending  current  commences,  especially  in 
summer,  the  vapours  are  drawn  away  tovrard  the  upper 
parts  of  the  atmosphere,  vrith  a  force  that  continues  m- 
creasing  until  mid-day.  The  evaporation  from  the  soil 
is  then  more  actiye  on  account  of  the  increase  in  tempera- 
ture ;  nevertheless,  the  ascending  current  carries  awa^  the 
greater  portion,  and  there  is  a  diminution  in  the  quantity  of 
vapour.  Towards  evening,  when  the  temperature  h^;ins 
to  fall,  the  ascending  current  diminishes  in  force,  or  even 
ceases  altogether ;  then,  not  only  does  the  vapour  accumu- 
late in  the  lower  parts,  but  it  even  descends  from  the  higher 
regions ;  and,  on  this  account,  we  observe  towards  evening 
a  second  maximum^  which  is  not  sustained,  because,  during 
the  night,  the  vapour  precipitating  in  the  form  of  dew  or 
white-lurost,  the  air  necessanly  becomes  drier. 

The  justice  of  these  remarks  is  fully  confirmed  by  ob- 
servations made  on  a  high  mountain.  AVhilst  at  a  little 
height,  as  that  of  Halle,  the  quantity  of  vapour  diminishes 
toward  mid-day,  we  find,  on  elevated  points,  a  rapid  increase 
in  the  course  of  the  day,  and,  in  the  evening,  a  no  less  nmid 
diminution.    These  two  phenomena  are  the  more  marked 
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u  the  point  ie  more  elevated.  In  June  1832  and  1833,  I 
obeerved  the  hygrometer  on  the  Kigi  (1810"),  and  during 
the  months  of  September  and  October  in  the  same  year,  ou 
the  Fanlhom  (2672*'),  while  M.  Hornar  did  the  same  at 
Munich.  The  rollowing  table  gives  the  mom  of  Uie  ob- 
servations of  the  two  jears. 

TKmtOX  OF  TKK  YAPOUB  Of  WATEK  AND  1XI.ATIVS  HCKEDITT, 


BOHB.. 

ZUK.CH. 

E.C.. 

zvv^u. 

FA.i.HOE«.| 

mm 

~^ 

mm 

~mJZ~ 

Boon. 

10,il2 

S8,9 

7,54 

80,3 

10,03 

64,0 

4.86 

73,4 

1 

10,99 

58,7 

7,49 

78,-i 

9,86 

60,7 

5.04 

75,7 

2 

11,03 

Jja,fi 

7,42 

78,0 

9,87 

59,2 

5,00 

77,0 

3 

io,9i 

eo,o 

7.40 

79,8 

9,77 

67,9 

3,16 

80,7 

4 

10,97 

60,9 

7,24 

81.2 

9,63 

5B,8 

4,94 

80,8 

'     6 

11,17 

63,S 

7,06 

83,7 

9.86 

63,6 

4,62 

80.5 

6 

11,23 

CG,6 

6,98 

85,2 

9,97 

4.32 

78,5 

7 

11,21 

71,4 

6,84 

83,7 

9,86 

74!  1 

4,16 

77,6 

8 

11,34 

76,3 

6,69 

86,4 

9,66 

76,7 

4,01 

76,1 

9 

11,30 

79,6 

6,70 

87,3 

9,44 

78,7 

3,93 

75,8 

ID 

11,13 

81,7 

6,66 

87,8 

9,24 

80,4 

3,86 

75,0 

11 

11,05 

83,8 

B,39 

87,8 

9,08 

81,6 

3,80 

74,4 

Midnigkl 

10,85 

85,3 

6.53 

87,7 

8,94 

82,4 

3,73 

73,7 

13 

10,83 

86,7 

6,48 

87,7 

8,78 

83,1 

3,6G 

73,0 

U 

10,71 

87,7 

G,43 

87,6 

8,79 

83,8 

3,59 

72,6 

15 

10,61 

80,0 

G,36 

87,5 

B,43 

84,8 

3,33 

72,3 

IG 

10,56 

90,0 

6,31 

87,5 

8,32 

83,7 

3,50 

72,1 

17 

10,67 

89,7 

6,27 

87,0 

8,30 

86,4 

3,30 

71,9 

18 

10,69 

80,9 

0,42 

83,7 

8,37 

86,8 

3,40 

71,9 

19 

10,88 

82,4 

6,56 

84,6 

8.47 

84,5 

3,63 

70.0 

20 

11,13 

-Cii 

B,7G 

83,4 

8,87 

80,6 

3,79 

69.8 

•21 

11,00 

09,9 

7,02 

81,2 

9.39 

76,2 

4.06 

69,7 

22 

11,08 

03,1 

7,27 

81,1 

9,53 

70,4 

4,27 

71,3 

23 

11,05 

01,7 

7,43 

81,5 

9.77 

67,1 

4,62 

71,8 

Mean^. 

10,97 

74.6 

0,85 

IIJ 

9,25 

74.8 

4.13 

74,4 

(Vide  Appendis,^.  10.) 

Let  ua  compare  the  absolute  tension  of  vapour  at  Zurich 
and  on  the  Rigi ;  the  pressure  of  the  atmosphere  of  vapour 
is  at  its  nunDRiiia  at  sunrise.     Ou  the  plain,  it  presents  a 
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maiimiim  about  nine  o'clock  in  the  morning:  then  comes  a 

Glijfht  diniinntion,  and  we  find,  about  tiiree  o'clock  n  value 

lower  by  about  (F"',2  than  tliut  of  iJie  raoraing-    The  quan- 

i-firularitv  until  next  moniing.    On  the  RiKi,  situated  at  b 

little  fliaiance,  a 

t  14H2  metres  above  the 

Jake  of  Zurich,  t 

um  is  entirely  wanting,  on 

account  of  the 

inoeaganlly  rise  from  the 

plain;    towards 
below  its  siiiurai 

a)>ouni  faU  very  rapidly 

jna  at  Faulhom  are  Btill 

,  the  greatest  tension  of 
■veral  hours  after  noon.* 

vapour  docs  not  ■ 

These  notabl 

he  range  of  the  absolute 

quantity  of  the  V 

■ad  to  still  greater  in  that 

of  relative  nioi« 

ore  and  Ddoc  had  pre- 

viously  iiointed  l^ 

imperfection  of  thti.   <»». 

of  the  morning  dniws  the  .  _ 

toward  the  upper  r^ioiu ; 

ry  few  series  of  tiygrflxnetrlc  oboervat I 


F-r.,.r 

MOHTCE. 

MoiITtkE. 

Ah^lu«, 

Rekllve. 

Ah«,lu„, 

R.UUve. 

X«,n- 

v« 

(1,;; 

Midnight, 
4)i! 

0.77 

Tlie  naft  oTIhc  nhsolnte  ItmJnn  of  v>|«ur.  and  nie  relMIre  humidilj, 
ij  ohiioit  llic  sime  » tint  glvon  In  Jl.  KiuiiTi'a  table.  During  our  oljwrT- 
■tloiH.  Ihe  reluive  buiiiiility  vu  Kiudblf  natlonu?  from  t«i  d'cIcwIi  in  Oa 
evening  uiitii  tlie  hnur  of  eunrln? ;  uconUiiK  I"  nlm,  tlie  tajd  humidll; 
tlun-ljr  livrreiiseil  duiinfi  Iho  nmt  pcriu).  Thlt  itUTcrcnm  mliiht  ariw  froin 
M.  Kaemtz  liavinn  giilaineii  iliG  rciBtive  muniwrj"  of  Ihc  nlj^hl-pcriwl  by  in- 
rarpolaiion,    Th«  ftmpilluilc  uf  owihation  Lt  a  littl«  prvalerin  our  DtweE-ra- 
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te  ilr  beeonoes  relatlTely  drier  than  it  would  be,  in  codsc- 
fKoee  of  the  mcreue  of  temperatoie  alone ;  whilst  these 
MOon  are  xinur,  the  dryness  increases  less  rapidly,  espe- 
mfy  M  we  eonaiaer  that,  m  the  higher  strata  of  the  atmos- 
^m^  the  tenpefatiire  changes  less  than  in  the  lower  strata. 
B  mij  eren  happen  that,  on  very  elevated  points,  the  air 
bwnei  vdattvely  nunster  daring  the  course  of  the  day, 
vliflut  iti  diyneas  increases  towara  evening,  when  the  va- 
fonn  dwcend  to  the  plains.  My  observations  prove  the 
yiliilifj  in  the  most  evident  manner ;  for,  although  the 
nhtive  moasfeiire  at  Zurich  and  on  the  Bigi  follows  a  rate 
on  the  hour  of  the  day,  the  diiferences  are,  how- 
I  lea  Benaible  on  the  KigL  At  Zurich,  between 
hoan  tod  two  hours,  we  £id  a  difference  of  31,4 
pv  eenA;  oa  the  Bigi,  between  sixteen  hours  and  one  hour, 
a  dUhifBBe  of  only  9,3  per  cent.  On  the  Faulhom,  which 
870  ittiea  hij^her,  the  rate  is  almost  the  reverse ;  in  the 
— ' —  about  eight  or  nine  o'clock,  some  hours  after  the 
[  humidity  at  Zurich,  the  air  is  driest.  In  like  man- 
m  the  afltemoon,the  relative  humidity  is  very  ^reat  on  the 
Fknlhoni,  whilst,  in  the  plain,  the  air  attains  its  greatest 
defnt  of  dryness.  There  must,  therefore,  exist  at  a  certain 
liaglii  a  point  where  the  hygrometer  is  stationary  during 
the  twenty-four  hours. 

I  have  insisted  on  these  differences,  as  they  serve  to  ex- 
plain eeviaral  interesting  phenomena.  We  may  easily  deduce 
mm  than  the  causes  which  operate  so  that  the  diurnal 
laie  of  xektive  moisture  is  dif&rent  on  the  coasts  and  in 
the  interior  of  continents.  We  have  seen  that,  on  the  sea- 
ihe  quantity  of  vapour  goes  on  increasing  regularly 
nmrise  till  about  two  or  three  o'clock  in  the  after- 
this  happens,  because  the  sea-breeze  rises  precisely 
at  the  moment  when  the  ascending  currents  draw  the  vapour 
ftOfwaid  the  higher  regions.  This  breeze  brings  vapours 
ftom  the  tea,  and  the  air  becomes  moister  during  the  after- 
noon than  it  18  In  the  middle  of  the  continent. 

MMUUAIa  VARIATIONS  IN  THB  QUANTITY    OF 

▼AVmna  of  ^ITATBK. — ^Vapour,  being  the  result  of  the 
action  of  heat  on  water,  it  is  evident  that  its  quantity  must 
my  in  diffieroit  seasons.  This  fact  is  even  proved  by  the 
mr  ftnr  continued  series  which  we  possess.  I^  it  at  present 
wamot  to  give  a  few  results,  shewing  what  the  absolute  and 
Bjlatife  moiataie  is  at  ELalle,  during  the  different  months  of 
Aeyear. 
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TENSION  OF  THE  VAPOUR  OF  WATEB  AXD  EELATITX  HUMIDTTT 
IS  TUE  DIITEBEXr  1I02ITH8,  AT  HALLB. 


TENSION 

of  the  Vapour 

<tf  Wator. 

RELATIVE 

January  .    .    . 

4^09 

85,0 

February .    •    . 

4,749 

79,9 

^larch.     .    .    . 

5,107 

76,4 

April   .... 
May     .... 

6,247 

ri,4 

7,836 

69,1 

June    .... 

10,843 

69,7 

July    .... 

11,626 

66^ 

August    .    .    . 

10,701 

66,1 

September    .     . 

9,560 

72,8 

October    .    .    . 

7,868 

78,9 

November     .     . 

5,644 

85,3 

December     .    . 

5,599 

86,2 

In  January,  the  coldest  month  of  the  year,  the  qnantitj 
of  vapour  attains  its  minimum ;  at  the  same  time,  the  reUtive 
moisture  is  at  its  maximum.  In  proportion  as  tiie  tempera- 
ture rises,  evaporation  becomes  more  active,  and  the  quantity 
of  vapour  increases,  at  first  slowly,  because  the  east  wiiida» 
which  commonly  blow  during  this  season,  bring  dry  air 
from  the  interior  of  the  continent.  However,  we  must  not 
deny,  that  the  numbers  for  winter  and  spring  differ  pro* 
bably  much  from  means  furnished  by  series  embracing  a 
greater  number  of  years ;  for  the  latter  winters  have  been 
warmer  and  the  springs  colder  than  they  generally  are.  So 
that  the  numliers  corresponding  to  winter  are  too  hig^  and 
those  to  spring  too  low.  The  quantity  of  ^-apour  attains  its 
maximum  m  July,  the  month  in  which  the  air  is  driest.  At 
the  approach  of  winter,  when  the  heat  diminishes,  the  quan- 
tity or  water  precipitated  in  the  form  of  rain,  dew,  uid 
hoar-frost,  greatly  exceeds  that  which  passes  into  the  state 
of  vapour.  Its  quantity,  therefore,  goes  on  diminishing,  al- 
though the  himiidity  is  continually  increasing,  and  is  graUer 
in  November  and  liccembcr  than  in  the  month  of  January. 
Til  is  is  the  origin  of  the  damp  cold  which  characterises  these 
two  last  months. 


We  find  &a  analagoiu  ran^  in  all  countriei  in  which 
cbaenratioiu  have  as  yet  been  made.  ETen  in  India,  where 
the  rate  of  temperature  differa  90  greatly  from  that  which  we 
hare  in  Europe,  according  to  the  obecrrationB  of  M.  Prtnaep, 
at  Benareg,  an  increase  in  the  quantity  of  rapour  is  found 
toward  the  month  of  July,  and  a  diminntion  in  January. 

HYGBOMETBIO    OOMDrTIOMB    OF     DIFFBRBNT 

PASTS  OF  THE  EABTB.— For  a  host  of  researchea,  it 
would  be  of  the  highest  importance  to  know  numericaUy 
the  quantity  of  vapour  wluch  exists  in  different  TCsions 
of  the  globe.  The  life  of  plants  and  animals,  ana  the 
character  of  the  landscape,  depend  on  this  element  aa 
mnch  as  on  temperature.  The  drynen  or  humidity  of  the 
Mr  hare  the  greatest  influence  over  the  developement  of 
diacaces.  At  present  we  have  not  a  snffieient  number  ot 
obeerrationi ;  and  the  following  remarks  are  onlj  inductions 
which  may  anticipate  truths  that  are  as  yet  concealed  from 
tu. 

In  the  first  place,  it  ia  certain  that  the  qiiaatity  of  vapour 
goes  on  dimjnianing  with  the  heat,  fh)m  the  equator  to  the 
pole.  In  localitiea  which  are  similar,  but  which  are  situated 
at  an  nneqnal  distance  from  the  pole,  is  the  relative  humi- 
dity regulated  in  the  same  manner  or  differently?  It  is 
fanpooible  to  say  in  the  present  slate  of  onr  knowledge.  In 
the  open  sea,  in  all  latitudes,  the  air  appears  to  be  in  a  state 
of  saturation ;  for,  if  we  place  pure  water,  saline  solutions, 
dilute  adds,  &c.  under  a  receiver,  the  air  of  the  receiver, 
after  a  certain  time,  will  be  completely  saturated.  How- 
ever, at  equal  temperatures,  the  quantitj^  of  vapour  con- 
tained in  the  receiver  will  not  be  equal  in  these  different 
caaes.  It  will  be  as  great  as  possible  with  pure  water,  and 
leaa  with  other  liquids.  The  relation  depends  on  the  na- 
ture and  on  the  density  of  the  solution.  If  we  take  a 
mixture  of  water  and  sulphuric  acid,  the  quantity  of  vapour 
will  be  leaa,  aa  the  proportion  of  sulphuric  acid  is  greater. 
If  the  snlphnric  acid  is  almost  pnre,  uie  air  will  remain  diy, 
even  though  we  should  intrt)duce  into  the  receiver  a  great 
quantity  of  vapour.  Although  heat  favours  the  vaporis- 
ation of  water,  sulphuric  add  and  certain  salts  have  such  an 
affinity  for  the  vapour  of  water,  that  they  oppose  its  form- 
ttiaa.  If  they  cannot  entirely  prevent  it,  they  limit  it ;  and 
there  is  only  formed  a  quantity  of  vapour,  which  is  the 
remit  of  the  equilibrium  between  the  production  of  vaponra 
by  heat  and  meir  absorption  by  sulpburic  acid.  When  a 
greater  quantity  of  vapour  than  is  necesaary  to  saturate  the 
sir  is  intTodnced  into  the  apparatus,  this  excess  i*  abtorbed 
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by  the  add,  and  eonrerted  into  mrtn.  It  k  owto  pnnfe 
these  aflKrtioiifl,  W  placing  a  bar  h^gwawlgialiowMiror 
containing  the  iolatioiis ;  the  bypoBHlv  auw  iMficatei 
100^  exoq^  when  the  liqoid  it  pore  wsteri  Ib  dl  olhcr 
cases  the  needle  indicatci  aome  degrees  lea  thaK  IOOl 

In  applying  these  considerationi  to  the  wataoof  tke  aeai 
we  remark  that  they  contain  moK  or  lea  aab;  wiwBBe  il 
follows  that  they  develope  lesi  vi^ioiir  than  doea  dirtiUei 
water.    So  that,  in  mi^ang  ezperimenta  at  difttwd  tqapa* 


ratures,  we  find  that  the  water  of  the 

Suanti^of  Taponr  eqnal  only  to  that  whldi  wobU  1»  pnn 
ucedfyaneqnal  maa  of  diitiUadw«ter|S%ff  ooldcr.  te 
the  ocean,  the  dew-point  is  generaUrbdoir  tae  taqnnlm 
of  the  water  of  the  sea;  the  air  of  the  oecai,  tlanftRbk 
always  completely  saturated. 

On  coasto,  the  quantity  of  Taponr  Is,  in  tqml  htitmkmt 
the  greatest  possible;  and  it  dinunishca  in  prapottiai  m  wt 
penetrate  into  the  continent.  This  role  is  eonlnnad  in  tta 
interior  of  the  United  States  of  America,  in  the  aiddle  cf 
the  plains  of  Qronoco,  in  the  steppes  of  Siboria,  in  the  dtaeita 
of  Africa  and  Asia,  as  well  as  m  the  interior  of  Ncir  Hoi* 
land,  where  the  air  is  habitually  very  dry.  In  thia  we  aee 
how  all  meteorological  phenomena  are  reeiproolly  linlDBi 
together;  the  deserts  or  Africa,  heinff  altogether  diy.  are 
not  the  seat  of  any  evaporation.  Bendes,  the  eitiena  MBt» 
still  farther  increased  by  the  rererberation  of  the  aand, 
opposes  the  aqueous  precipitations,  and  eonseqncn^y  f^ 
country  is  condemned  to  eternal  sterility. 

HYOROMETRIO    OONDITIONB    AT    BIFrBBBMT 

HBiGHTS  IN  THB  ATM08PHBXB. — Are  the  upper 

strata  of  the  atmosphere  drier  or  more  moist  than  the 
lower  ?  I  will  endeavour  to  treat  on  thk  qnestkni  in  the 
present  section;  it  is  of  high  importance  toward  givinff  ni  a 
knowledge  of  atmospheric  vidssitudes.  We  must  not  raiget 
the  distinction,  whicn  has  already  been  established,  between 
the  absolute  quantity  of  vapour,  and  the  relative  hnmidi^ 
of  the  air.    With  r^ard  to  the  former,  it  would  be  Idle  to 

Srove  that  the  pressure  of  the  atmos^iere  of  vqKNir  aiid  ili 
ensity  diminisn  in  proportion  as  we  ascend.  All  experi- 
ments prove  this.  Ir  certain  exceptions  are  dted,  they  B^ 
be  traced  to  extraordinary  perturbations  anak^gooa  to  thoae 
which  a  disturbance  in  the  decrease  of  temperature  pro- 
duces. The  subject  at  present  before  us  is  relative  moistDre; 
and  on  this  point,  the  opinions  of  philoeo^ierB  are  divided. 

!>•  Sannraro,  and  Daine,  who  were  the  fint  to  take 
hygrometers  up  high  mountains,  but  who  have  not  alwap 


Bmamrr  at  bopfebsrt  xlxyatioks.  95 

the  dirtiiiction  on  which  we  have  just  insisted^ 
in  senenl  terms,  that  the  air  was  drier  above 
bdow.  Ak  fkt,  having  been  very  generally  admitted 
If  pliiloMpliei%  was  confirmed  hjf  the  experiments  which 
B»  llwliolil  made  in  intertronical  America ;  but,  not- 
willMhiiMHog  asathorities  of  so  high  a  stamp,  I  think  I  may 

ilBit  the  generality  of  this  assertion. 

When  ive  lUlow  the  ranse  of  the  hyerometer  for  any 

M^  on  an  elevaled  point  of  the  Alpjs,  a  degree  of  dryness 
k  neognind,  of  which  we  have  no  idea  in  the  plains ;  it 
I  mxamgmdtM  that  beautiful  weather  so  ardently  sought 
hj  tmvidUen.  In  cases  of  this  kind,  I  have  frequently 
toe  now  disappear  with  extreme  rapidity,  without 
_  the  earth,  because  it  was  immediately  trans- 
inlovapoiini ;  wood,  placed  in  the  sun,  very  speedily 
mrped.  K  tbese  phenomena  take  place  at  the  sunace  of 
the  aoilt  whcve  the  nygrometer  is  innuenoed  by  direct  eva- 
ponrtien  from  the  earth,  they  must  be  still  more  marked 
when  we  aieend  in  a  balloon.  However,  we  must  not  forget 
tfait  thew  very  dry  days  succeed  davs,  and  even  entire 
wed%  dnnnff  iMrhich  the  summits  of  the  mountains  are 
vdled  m  thkS:  fcjgs,  whilst  in  the  plain  the  hvgromcter  is 
hr  from  the  point  of  saturation.  If  we  reflect  that  the 
olaenrBtioiis  or  Da  Sanssiire,  and  Deinc,  with  the  excep- 
tion of  their  stay  on  the  Col  du  Geant,  were  all  made  during; 
jounMja  over  mountains,  for  which  they  always  selected 
aae  weather,  we  sludl  not  be  astonished  if  their  results  arc 
ftr  distant  from  the  mean  result.  In  analysing  those  of  jSI. 
it  SwMboldty  we  must  not  forget  that  his  lower  station  was 
on  the  eea-eoast,  whilst  his  higher  station,  situated  within 
the  eovmtry,  was  exposed  to  the  influence  of  east  winds, 
vhkh,  when  they  traverse  vast  continents,  are  generally 
venr  dry.  Da  Sanssiira  made  a  series  of  obser^'ations 
dnrmg  nis  sixteen-days*  stay  on  the  Col  du  Greant,  at  a 
height  of  3450  metres;  whilst  simultaneous  observations 
wcve  being  made  with  the  instruments  at  Geneva,  and  in 
the  Talley  of  Chamouni.  Unfortunately,  the  inventor  of 
the  hygrometer  excluded  from  his  calculations  all  the  days 
dttlinff  which  he  was  surrounded  with  clouds ;  and,  conse- 
m^Sy^  the  mean  which  he  obtained  is  very  diflcrent  from 
uerml  mean. 

Gouiderations  of  this  kind  have  induced  me,  in  my 
n^aiue  an  Meteorohgt/,  to  throw  a  doubt  on  the  generally 
xceeived  opinion  of  the  greater  dryness  of  the  higher  regions. 
While,  for  a  jyeriod  of  nine  weeks,  the  air  at  Zurich  did  not 
contain,  at  a  mean,  more  than  74,G  per  cent  of  the  vapour 
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necessary  to  its  saturatioii,  it  contained  84,S  on  the  RigL 
After  eleven  weeks  of  observations  daring  the  months  of 
^Vn<j:ust,  September,  and  October,  this  ooantity  was  74,8  at 
Zurich,  and  74,4  on  the  Faulhom.  Thus,  then,  ire  are 
authorised  to  conclude  that,  as  a  whole,  the  air  of  the  upper 
strata  is  as  moist  as  that  of  the  lower  strata.* 

My  observations  have  also  shewn  me  the  inflnenoe  of 
atmospheric  vicissitudes  on  this  phenomenon, — an  influence 
luiicli  more  marked  in  the  r^on  of  clouds  than  on  the 
plain.  The  weeks,  which  I  passed,  in  1832,  on  the  Fanl- 
horn,  were  remarkable  for  their  great  severity.  The  d^ 
was  cloudy  for  only  a  few  days,  and  I  was  rarely  enveloped 
in  clouds.  The  end  of  the  summer  of  1833  was,  on  the 
contrary,  very  moist ;  the  sky  rarely  remained  dear  for  a 
few  hours ;  and  frequent  inundations,  the  result  of  abnndaiit 
rains,  desolated  many  parts  of  Switzerland.  So,  in  1833^ 
the  relative  humidity  was  74,4  at  Zurich ;  and  63,3  on  tiie 
Faulhom.  In  1833,  it  was  75,3  at  Zurich,  and  85,5  on  the 
Faulhom.  Thus,  while,  in  the  former  year,  the  «r  was 
nmcli  drier  above,  it  was  the  re^'erse  during  the  latter;  and 
the  ditference  of  the  two  years  is  more  chancteristic  on  the 
mountains. 

It  remains  for  us  to  seek  for  the  causes  of  these  differ- 
cnces  in  relative  humidity.  Without  doubt,  oontinnons 
observations  for  several  jears  would  be  necessary  in  order 
to  decide  these  questions  m  a  detinite  manner ;  but,  since  we 
do  not  possess  them,  I  must  make  use  of  my  own.  The 
iirst  idea  which  presents  itself  to  the  mind  is  to  admit  that 
the  tension  of  vapour  diminishes  faster  in  dry  weather  than 
it  does  in  moist,  in  the  hie:her  regions  of  the  atmosphere. 
However,  the  differences  that  have  been  observed  are  not 
entirely  explained  by  this  circumstance ;  for,  in  1832,  the 
tentiion  of  vapour  on  the  Faulhom  was  3°*",748,  and  at 
Zurich,  8'""',797.  In  1833,  I  found  it  4"«»,507,  for  the 
Faulhom,  and  9'°"»,710,  for  Zurich.  Thus,  then,  while 
during  the  dry  summer  of  183^,  the  quantity  of  vapour  on 
tlie  Faulhom  is  0,43  of  that  on  the  plain,  it  was  0,46  during 
the  Wet  summer  of  1833 ;  and,  although  the  latter  figpore  if 
liighcr  than  the  former,  it  is  not  sufficiently  so  to  explain 

*  The  ohwrvatiuns  which  I  made  with  M.  Beavau,  at  the  rammit  of 
the  ^siuie  mountain,  on  the  IGth  of  July,  and  the  oth  of  August,  1^41,  taUj 
v-ontlmi  the  author's  results.    We  found,  for  the  comparatlrc  rdatiTV  ho- 

wjivlity  :— 

Faulhom 7h,9 

Zurich       72,9 

Milan         63,2 

H. 


\ 
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theofaMrred  differeiiees.  The  influence  of  temperature  is 
fhewn  much  moare  powerfiilly :  in  1832,  the  mean  of  the 
BkiWM  lir^ at  Zurich,  and2%46on  theFaulhom;  in 
USa,  it  mm  U^'^SO  at  Zurich,  and  0^,51  on  the  Faulhom. 
Doiqg  the  ftarmer  year  it  was  neceasary  to  ascend  230 
■cbei^  m  order  to  obtain  a  decrease  of  I*';  during  the 
bMer,  a  difeciMe  of  level  of  164  metres  was  sufficient  to 
shtadn  the  Mme  decrease.  It  is  then  very  probable,  that 
As  daenMB  of  tonperature  is  much  less  rapid  during  serene 
Am  darjqg  dondy  weather;  and  it  is  this  circumstance, 
wkUtt  it  due  to  the  direction  of  the  wind,  and  other  causes, 
dMt  iMdi  hi  its  torn  on  the  state  of  the  weather,  dther  de- 
f|ihihM|  or  preventing  the  condensation  of  vraours. 

An  UMM  eoDiiderations  explain  to  us  why  observers 
hive  ahn^i  eomplained  of  the  inaccuracy  of  nygrometric 
JjifiBitfaBii  Thus,  the  sky  is  cloudy,  or  it  even  rains,  and 
jet  the  hgfimneter  is  dry ;  at  another  time,  the  weather  is 
mie^  mA  ne  hygrometer  indicates  a  very  high  degree  of 
hiuuhliiy*  So  that  the  recriminations  of  those  who  regard 
^'^  '-  itrmaents  as  prognosticators  of  weather,  are  veiy  legi- 
Bnt  philosophers  ought  not  to  forget  that  the  ther- 
r  and  the  hygrometer  simply  indicate  the  condition 
■ir  of  the  place  in  which  they  are  situated.  At  fifty 
m  da^  metres  above  the  head  of  the  observer,  conditions 
an  chioged.  Suppose,  for  example,  that  the  quantity  of 
Tipoar.ot water  diminishes  r^ularly  with  the  height,  but 
flwt  tte  decrease  is  more  rapid  than  usual ;  we  shall  then 
hste  a  donded  drv  with  a  d^  hygrometer.  If  the  reverse 
ttkm  piace^  and  tne  air  is  unusually  hot  above,  the  hygro- 
■etar  snaj  be  moist  with  a  clear  sky. 

Ilnii  therefbre,  predictions  based  on  the  state  of  the 
kmoaseter  will  be  very  often  at  fault  In  the  sequel,  we 
mm,  find  that  we  must  combine  them  with  another  element, 
mmtiff  the  pressure  of  the  atmosphere. 

mrumiroB  of  "winds  on  thb  hyorome- 
vmn  ooliDinoNS  of  thb  ATMOSPHBRB.— Daily 
irifnirin'ft  has  long^  taught  us  that  the  air  is  not  equally 
■oat  with  eveiY  wind.  When  the  fiurmer  wishes  to  diy 
Ui  com  or  his  hay,  or  the  housewife  spreads  out  her  wet 
their  wishes  are  soon  satisfied  if  tne  wind  blows  con- 
ly;  but  a  much  lon^  time  is  required  with  a  west 
Certain  operations  m  dyeing  do  not  succeed  unless 
iniw  east  winds.  However  instructive  these  observations 
■a^fie,  they  can  never  lead  to  rigorous  laws. 

To  obtam  these,  we  must  ransack  a  long  series  of  mc- 
tBoralo^cal  journals,  in  order  that  partial  anomalies  may 
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disappear  in  the  means.  We  aBsodate  all  the  hygnmietric 
indications  which  correspond  to  each  wind,  we  take  their 
arithmetical  mean,  and  in  this  manner  obtain  the  bygro- 
metric  card  of  the  winds  of  the  locality  in  question.  To 
obtain  an  exact  result,  certain  precautions  are  mdiqienaable. 
The  hygrometric  conditions  varying,  as  we  haye  seen,  ac- 
cording to  the  hour  of  the  da^  auod  die  season  <rfthe  year, 
it  woiud  be  very  irrational  innocently  to  sum  up  all  the 
numbers  found :  for,  let  us  suppose  thivt  the  north  wind  has 
blown  ten  times  in  winter  and  thirty  timet  in  summer, 
as  the  air  contains  more  vapour  of  water  in  summer  thin  in 
winter,  the  mean  quantity  of  vapour  corresnondinff  to  this 
isind  would  be  hi^ner  if  we  contented  ouiselves  wiui  taldng 
the  mean  of  our  forty  observations.  I  prefer  the  following 
method : — 

Bein^  in  possession  of  a  considerable  number  of  daily 
observations  made  at  Halle,  I  son^t  the  mean  direction  A 
the  wind  for  each  day,  and  I  applied  to  it  the  hyvrometrio 
mean.    In  the  cases  when  there  were  sudden  cnanges  of 
wind  during  the  day,  as  from  the  S.W.  to  the  lH.'ELfyr  ex- 
ample, I  applied  tlie  hygrometric  mean  equally  to  both 
winds.    If  each  wind  hail  blo^-n  the  same  number  of  times 
in  each  month,  I  could  have  separately  added  the  tensions 
of  vapour  observed  for  each  month,  and  have  divided  their 
sum  by  the  number  of  times  that  the  wind  had  blown.  But 
each  wind  does  not  blow  the  same  number  of  times,  either 
during  a  month,  or  even  during  a  year;  we  cannot,  diere-' 
fore,  adopt  this  process:  but  two  methods  present  them- 
selves, by  whicli  this  difficulty  may  be  solved :  Ist,  To  tike 
the  mean  for  each  hour  of  the  month,  and  then  to  dednek 
from  it,  first  the  monthly  mean,  and  afterwards  the  annual 
mean.    But  this  will  be  only  an  approximadon ;  for  any 
given  wind  blows  more  frequently  in  one  month  than  in 
another ;  and  it  >vill  follow,  diat  the  same  degree  of  eon- 
fidence  will  be  given  to  a  mean  deduced  from  a  small  num- 
ber of  figures  as  to  that  which  shall  be  the  result  of  a  long 
series  of  observations.    2d,  Suppose  that  I  have,  for  in- 
stance, taken,  for  the  north  wmd,  the  monthly  mean  of 
several  years;  I  compare  it  with  the  general  mean,  and 
look  for  their  difference :  I  then  multiply  the  latter  by  the 
number  of  obser^'ations ;  I  afterwards  add  these  prodncti 
quarterly  or  annually,  and  I  subtract  the  mean  of  these 
sums  from  the  general  means.    A  single  example  will  ex- 
plain what  I  have  iust  said.    Ijci  the  tensions  or  vaponr  for 
tlie  N.£.  wind  in  three  months  be : — 
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mm. 

10  observations     .    3^87  mean 
Januaiy     .8      .     „     .    .    .    3,091      „ 

JBNmH^      •         18  •  ff  »  m         »         9yOOl  ), 

BM  Umi  011m  of  tibe  observfltioiis  gircs  as  the  mean  tension 

mm. 

5,484 

4,169 

4,563 

Vinftsr 4,738 

ft  n*  dcdnot  the  ibUowing  diflfewmces  :— 

.  •  .  3,587  —  5,484  =:  — 1,897 
.  .  .  3,091  ^  4,169  =  —  1,078 
.    .    .    3,661  —  4,563  =:  —  0,902 

Warn,  ht  m  mnHApij  these  diffezenees  by  the  niunber  of 
and  we  shall  find : — 


10  X  —  1,897  =  —  18,970 

8  X  —  1,078  =  —    8,624 

13  X  —  0,902  =  ~  11,726 


Sum —  39,320 

Mean  by  31  .    .    .  —    1,268 

m  nmter,  for  the  N.E.  wind,  the  mean  tension  of 
IB  1""3^8  below  the  genexal  mean ;  it  is,  there- 
to 4F»,738  —  l'»'»,268  =  3"",470. 
mi^bod  is  undoubtedly  long  and  tedious,  but  I 
of  no  other  more  accurate  m(Me ;  and,  as  it  would 
la  cf^the  hij^liest  interest  to  possess  these  elements  in  a  great 
^— V**  of  eoimtries,  I  would  induce  observers  to  make 
Ana  ftddaa  by  winds  and  tensions  every  day,  without 
vifdi,  the  iimnber  of  observations  "mil  so  accumulate,  that 
imSH  lose  all  courage  to  calculate  them. 

I  Iwve  been  led  to  these  results  by  four  consecutive 
jmm  of  obaervations  (1834-7),  made  at  Halle.  However, 
ido  HOC  think  that  these  numbers  are  definitive ;  because 
aoothl J  means  are  still  uncertain.  N'evertheless,  as  I 
of  no  other  series  that  fdmishes  all  the  necessary  ele- 
^  I  here  give  these  numbers,  which  cannot  be  very  far 
ih%  troth,  so  far  as  middle  and  southern  Germany  are 
;  if  we  ihut  seek  the  mean  tension  of  vapour 
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during  the  year,  we  find,  for  the  different  windsi  the  follow- 
ing numbers : — 

TENSION  OF  THE  VAPOUR  OF  WATEK  FOB  DIFFEBKBT  WIKD9. 


mm. 

Bun. 

N. 

6,69 

S. 

7,82 

N.E. 

6,56 

S.W. 

7,46 

E. 

6,90 

w. 

7,26 

S.E. 

7,31 

N.W. 

6,90 

So  that  the  quantity  of  vapour  is  as  small  as  possible 
when  the  wind  blows  between  ^e  N.  and  the  !«£.;  it 
increases  when  it  turns  to  the  £.,  the  S.E.,  and  the  S.;  and 
attains  its  maximum  between  the  S.  and  the  S.W.,  to  di- 
minish again  in  passing  to  the  W.  and  the  N.W.  The  caose 
of  these  differences  is  very  simple.  Before  arriving  to  ns, 
the  west  winds  pa^  over  the  Atlantic,  and  become  chaiged 
with  vapours ;  whilst  those  which  blow  from  the  east  come 
from  the  interior  of  the  continents  of  Europe  <xr  Asia. 
These  vapours  are  resolved  into  rain  when  the  west  winds 
arrive  in  France ;  but  this  water  almost  immediately  evapo- 
rates, and  the  consequence  is,  that  in  Germany  these  winds 
will  be  always  more  charged  with  vapour  than  those  from 
the  east.  The  W.S.W.  wind,  coming  at  once  from  the  sea, 
and  from  the  warmer  countries,  may  become  charged  with 
a  greater  proportion  of  the  vapour  of  water  than  Uie  west 
wind,  which  is  colder.  Also,  although  the  latter  has  less 
distance  to  pass  over  in  order  to  arrive  from  the  sea  to 
Halle,  it  contains  a  less  proportion  of  vapour  than  the  S.W. 

The  same  differences  exist  between  the  differoit  seasons; 
I  pass  them  over  in  silence,  to  direct  my  attention  solely  to 
relative  humidity.  Here,  the  element  of  temperature  enters 
into  the  calculation ;  for  the  ouantity  of  vapour  may  vaiy 
infinitely,  while  the  degree  of  heat  remains  still  the  same. 
We  shall  see,  from  wmit  follows,  the  influence  which  the 
winds  have  over  the  temperature ;  but  everjr  one  already 
knows  that  in  winter,  for  example,  the  west  winds  are  warm, 
whilst  those  from  the  east  are  cold.  I  have  already  re- 
marked also,  that,  in  equal  latitudes,  the  winters  were  colder 
and  the  summers  warmer,  in  the  interior  of  the  continent 
than  on  the  western  coasts  of  Europe.  If  the  annual  means 
were  taken,  the  numbers  found  for  Halle  will  not  make  the 
differences  prominent.  In  taking  the  per-centa^  of  vapour 
of  water  capable  of  saturating  each  wind,  die  foUowinff  taUe 
presents  the  proportion  of  vapour  that  this  wind  oontams  .* — 


If. 

7M 

8. 

73,6 

K.E. 

Trjs 

S.W. 

E. 

73,0 

w. 

7M 

&E. 

74,8 

N.W. 

76,S 

Hm^  »ltlMi|[>i  dariuff  the  north  vind  tlu  air  eontains 
mmoAlimvmialiaamvitTvgaat  OT water  than  dnring 
ths  mit&  vmd, It  is  nererthelea  inflmtelj  mne  mma,  on 
t  of  ito  low  tempetatim.  Hie  aeaMiu  p:n  a  atill 
■  -wdHlcation  to  tliia  geaatl  role,  on  which  aeconut 
rt  tlw  fbUowing  table  ■ — 


wDn>. 

wnrrsB. 

BPBIMO. 

gVUUZR. 

iim^MN. 

N. 

89,5 

75.0 

67,6 

78,7 

91,2 

67,4 

82,6 

E. 

92,6 

66,9 

61,3 

75,7 

8j;. 

85,5 

71,4 

66,3 

79,2 

9. 

83.0 

70,3 

67,4 

76,2 

81,9 

70,S 

69,9 

78,6 

W. 

80,9 

71,7 

71.4 

80,6 

N.W. 

83,2 

73,4 

68,8 

82.7 

(Ttife  Appendix,^.  II). 


Tbm  table  probablj  contum  teverat  anomalks ;  how- 
0TCr,itgivea  rue  to  man;  intergstiiis  ccBuideTations.  We 
■n  fliN  ■truck  by  the  ccmtraBt  eddng  between  winter 
and  ■nmmer.  Although,  in  theie  two  seaaona,  the  propor- 
tioD  of  Taponr  a  less  duriiiB  eaat  than  dnring  west  winds, 
jet  the  hjwer  temperature  of  these  wind*  during  winter  re- 
Wlalilhlii  i  the  equilibrium,  and  in  this  season  the  east 
yhwl  is  the  mdster,  and  the  west,  the  drier.  In  lunuacr 
file  eontraiy  is  the  case  ;  when  rither  of  these  winds  is  com- 
~  ~  idog  to  blow,  the  contrast  is  the  more  strikiiw-    ^  for 

mple,  in  winter,  die  west  winds  have  prevailed  for  some 
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time,  with  a  -very  pore  atmewphere,  aad  sn  &  «r  N.E. 
wind  suddenly  rifles,  the  iky  it  ckmdy  in  a  short  time ;  one 
part  of  the  vapour  of  water  is  precipitated  in  the  state  of 
rain  or  snow,  and  thick  fogs  occony  the  lower  r^pons  of 
the  atmosphere.  In  this  state  of  tmn^  the  barometer  is 
often  at  fair,  which  giTOS  rise  to  reoimmations  without  end 
against  the  fidse  predictioiiB  of  this  instrument.  Bat,  if  the 
east  wind  continues  to  hlow,  the  sky  then  becomes  serene^ 
although  the  air  remains  moist  If  the  converse  takes  place, 
that  is  to  say,  if  the  sky  is  clouded,  the  wind  being  in  the 
east,  and  it  suddenly  ptases  to  the  south,  the  i^  beoMnes 
dear,  and  the  atmosphere  dry ;  beeante  the  warimg'  air  im- 
solves  the  vapour  of  water,  and  is  fiur  from  the  poiBt  <f 
saturatioa.  It  is  only  whoi  this  wind  has  pcevaued  ftr 
some  days,  and  has  brought  to  us  a  lagt  quaotitf  «f 
vapours,  that  the  atmosphere  agam  beoomee  moist. 

I  have  studied  the  influence  of  winds  in  other  loealitaei^ 
and  the  numbers  to  whidi  I  have  arrived  dHfer  bat  little 
from  those  that  I  have  given,  so  that  they  may  be  conadered 
as  closely  approaching  to  the  truth.  Without  dwelliiu; 
upon  dauy  means,  but  by  examining  the  variatioiis  whicE 
take  place  during  the  day,  a  regular  rotation  of  the  winds 
is  recognised.  Thaa,  the  wind  passes  fixnn  the  £.  to  the 
S.E.,  then  to  the  S.,  and  so  on ;  but  the  proportioDS  of  the 
vapour  of  water  are  not  the  same  fot  each  of  these  winds. 
If  the  vine  indicates  the  S.£.  wind,  it  will  soon  turn  to  the 
S.,  and,  as  the  drcumstances  that  determine  this  dbanse 
already  exist,  the  quantity  of  the  vapour  of  water  gradudly 
increases  during  the  day.  For  the  same  reason,  this  pro- 
portion of  vapour  diminishes  if  the  wind  is  in  the  N.E., 
because  it  is  preparinc^  to  pass  to  the  north.  M.  Dov«  has 
demonstrated  these  &cts  by  taking  for  his  base  the  four 
daily  observations  of  the  Observatory  at  Paris.  Those 
which  I  made  hourly,  from  six  o^clock  m  the  morning  until 
ten  in  the  evening,  shew  it  still  more  evidently. 
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In  comparing  the  tension  of  the  yapoor  ofaaenred  wt  each 
hour  of  the  day  and  for  each  particular  wind,  with  the 
general  mean  tension  of  that  hour,  I  entirely  arcnd  the 
diurnal  variation ;  and  I  find  a  constant  connexion  between 
the  rotation  of  the  wind,  and  the  increase  or  diminution  of 
the  quantity  of  vapour.  The  preceding  table  gives  the 
view  of  these  differences.  The  npi  —  signifies  that  the 
tension  of  vapour  was  below,  the  sign  -f-  that  it  was  above^ 
the  mean. 

This  view  contains  more  anomalies  than  one,  because  the 
observations,  on  which  it  rests,  were  not  continued  for  a 
sufficiently  long  time.  It  shews  how  much  the  tensioii 
diminishes  with  the  N.W.,  the  N.,  and  the  N.E.  winds,  in 
the  course  of  the  day,  and  how  much  it  increases  with  tbune 
from  the  S.E.,  and  the  S. ;  the  £.  and  the  S.  lines  also  fimn 
a  remarkable  contrast.  With  the  east  wind,  the  auantity  of 
vapour  increases  during  the  day ;  however,  at  tlie  hottest 
hours,  it  diminishes  rapidly.  >Yith  the  south  wind  it  increases 
during  precisely  the  same  hours.  In  summer,  these  va- 
riations are  much  more  marked  than  in  the  other  seasons, 
and  they  depend  on  the  ascending  current.  With  the  etst 
i^-ind,  when  the  sky  is  clear,  the  vapours  rise  under  the 
iniiuence  of  the  sim,  and  the  quantity  of  vapour  diminishes 
until  the  evening,  when  it  falls  to  the  surfiicc  of  the  earth. 
With  the  south  wind,  the  sky  is  often  cloudy ;  the  **ft«^™g 
currents  are  more  feeble  or  are  nuU ;  and  the  vapours,  that 
arc  formed  during  the  day,  remain  in  the  lower  stn^  of 
the  atmosphere. 

It  would  be  interesting  to  seek  what  the  proportions  of 
vapour  are,  above  and  below,  with  the  same  wind;  but 
observations  on  this  subject  are  i^-anting.  However,  the 
existing  materiab  give  nse  to  considerations,  which  I  will 
developc  in  the  sequel. 

PASSAGE     OF     VAPOURS     INTO     THB     X^QinB 

STATE.  —  Hitherto  we  have  studied  the  conditions,  which 
influence  the  quantity  of  vapour  of  vrater  contained  in  the 
air.  Although  incomplete,  the  facts  related  are  sufiUcient  to 
enable  us  to  comprehend  the  theory  of  the  transition  of 
vapours  into  the  liquid  state.  AVhen  the  air  contains  a 
greater  quantity  of  the  vapour  of  water  than  it  can  contain 
in  a  state  of  saturation,  one  part  of  this  vapour  is  resolved 
into  water,  or  floats  in  the  air  in  the  state  of  cloud.  The 
vapour  of  water  is  alwavs  precipitated  under  the  influence  of 
the  same  causes,  but  unJer  a  different  form.  We  will,  there- 
fore, examine  separately  dew,  white  frosts,  fog,  clouds,  nin, 
and  snow.    I  have  purposely  avoided  mentioning  hail ;  for 
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Miftn  k  tceompmied  by  soeh  a  developement  of  electricity 
Alt  mmy  plulotoj^iers  think  this  fluid  to  play  a  grait  part 
k  Mi  fbormiitioD ;  X  have,  therefore,  plaoed  the  article  on 
Hail  in  the  dumter  on  Electricity. 

AMiopgh  tnew  atmospheric  precipitations  have  been 
titeitwl  &  a  long  time,  yet  positiTe  laws  have  not  sup- 
ified  the  plaee  of^atoitons  hypotheses,  until  wHhin  about 
«tf  A  eaiiaiy.  &  1784,  H«tton  established  the  following 
vine^le :  wnen  two  masses  of  saturated  air  of  unequu 
tanpentoie  meet,  there  is  a  predfdtation  of  aqueous  va* 
Mnr«  If  the  masses  of  air  are  not  in  a  state  of  saturation, 
VMj  nevttthekiB  become  moister ;  and,  if  the  temperatures 
an  foy  diflerent,  there  ¥rill  even  be  a  precipitation,  al- 
ttwaA  the  two  masses  of  air  might  not  be  satnnted. 

2t  the  cpoeh  of  its  appearance,  this  thesis  was  combatted 
by  Bsiaaj  who  had  laid  down  a  theory,  to  which  time  has 
done  jvafiee^  whilst  that  of  Hutton  is  still  maintained. 
Buwwie  ttsit  two  masses  of  equally  saturated  air  are  mixed, 
one  oeiqg  at  the  temperature  of  10^,  the  other  at  20° ;  the 
muMUiit  will  have  a  temperature  of  16°,  According  to  the 
table  p.  73,  the  elasticity  of  the  vapour  of  water,  in  one  of 
the  niMBet,  will  be  Q^'^OO,  and  in  the  other  IS'-'^ao.  So  in 
the  state  of  mixture  it  will  be  14"»,05.  But  air  at  15°,  at  its 
of  saturation,  can  only  contain  a  quantity  of 
ith  13"^,44  of  tension.  So  that  the  difference, 
r,  14"",05  —  13°"»,44  =  0^,61,  will  express  the 

I  of  the  quantity  of  vapour  that  ¥rill  be  precipitated^ 

ftippose  now  that  each  of  these  masses  of  air  onl}r  contains 
50  per  cent  of  vapour  of  water,  then  the  elasticities  would 
he  4F*,9ff  and  9"*,10 ;  and,  after  the  mixture,  this  elasticity 
would  become  7*",02.  But  air  at  15°  being  able  to  contain 
onfy  18"*,44  of  vapour,  the  mixture  will  have  52  per  cent 
ef  vapour  of  water,  llie  quantity  of  aoueous  precipitation 
will  M  in  pnmortion  to  the  difference  or  temperature  of  the 
two  msBsrn  or  air,  as  the  very  simple  calculations  that  we 
have  just  made  shew. 

OH  BBW  AND  WHITB  FROST.— When  the  vapour 
of  water  is  precipitated  during  the  night,  in  the  form  of 
dropa  spread  on  the  surface  of  plants  and  other  bodies,  it 
ebtBns  the  name  of  dew.  If  the  temperature  is  very  low, 
it  miears  in  the  state  of  white  frost  This  kind  of  precipi*^ 
t»Q  more  frequently  takes  place  when  the  sky  is  clear ; 
henee  a  great  many  hypotheses  may  explain  its  formation. 
Alehemists  used  carenuly  to  collect  the  dew,  which  they 
i^gaided  as  an  exudation  from  the  stars,  and  in  which  they 
hoped  to  find  gold.    Other  philosophers  admitted  that  it 

r2 
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vas  a  very  fine  rain  coming  from  the  elevated  regicms  of 
the  atmosphere ;  whilst  othm  were  penitaded  that  it  cme 
out  of  the  earth.  There  are  some,  who  attributed  to  it  ex- 
traordinary properties,  among  which  they  especiallj  notiee 
its  frigorific  qualities.  The  experiments  on  this  subject 
made  by  Wells,  in  London,  are  a  model  to  be  followed  in 
all  meteorological  researches;  they  shewed  wiiat  was  the 
true  theory  of  the  formation  of  dew.  Notwithstanding  the 
objections  that  have  been  raised  against  it,  I  still  ngaid  it 
as  that  which,  above  all  others,  agrees  best  with  the  whole 
ranffc  of  observed  fiu^ts. 

To  measure  the  quantity  of  dew  dqiosited  each  night,  an 
instrument  is  used,  called  a  drowmeter.  The  most  sin^ple 
process  consists  in  exposing  to  the  open  air  bodies,  ymmt 
exact  weight  is  known;  and  then  weighing  them  afipesh 
after  they  arc  covered  with  dew.  According  to  "W^lOm, 
locks  of  wool,  weighing  five  decigrammes,  are  to  be  jae* 


ferred,  which  are  to  be  divided  into  spherical 
diameter  of  about  five  centimetres. 

The  moRt  important  phenomena,  which  accompany  the 
production  of  dew,  are  the  following  :^ 

1st.  The  dew  falls,  for  the  most  part  during  calm  and 
serene  nights.  This  law,  which  was  established  by  Arioteilc, 
has  been  frequently  doubted  since  his  time;  Mwdfc— 
broeck  in  particular  has  asserted  that,  in  Holland,  the  dew 
was  abundant  during  the  time  of  foc;s.  But,  although  the 
drom  deposited  by  fogs  on  terrestrial  bodies  resemble  those 
of  dew,  tnere  is,  however,  this  difference  between  them,  that 
fog  wets  all  bodies  indifferently,  whilst  dew  attaches  xtsdf 
in  preference  to  some  of  them.  When  the  dew  is  formed, 
it  often  disappears  very  quickly,  if  the  wind  rises  or  the 
atmosphere  is  disturbed. 

2d.  Dew  is  deposited  in  preference  on  bodies  not  pro- 
tected by  shelter.  Put  into  the  open  air  two  similar  locks 
of  wool,  but  place  a  piece  of  cloth  a  few  yards  above  one  of 
them,  and  you  will  find  that  it  will  be  covered  with  a  less 
quantity  of  dew  than  the  other.  The  piece  of  doth  acts 
less  as  a  roof,  than  bcomse  it  prevents  the  lock  from  sub- 
tending an  equally  large  portion  of  the  sky.  'W«ila  prored 
it  by  the  following  experinMint.  He  placed  a  lock  <n  wool 
in  the  middle  of  an  open  cylinder,  three  decimetres  in 
diameter,  and  seven  hign,  which  he  placed  vertically ;  this 
lock  was  charged  with  a  less  quantity  of  dew  than  was 
anotlier  exposed  freely  to  the  air  on  idl  sides.  There  also 
tolls  more  dew  in  the  open  country  than  in  cities,  whoe 
houses  conceal  a  portion  of  the  sky. 
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Sd.  All  thingt  dee  being  eqxal,  oertain  bodies  aie  sooner 
^Ofrered  witb  dew  than  oertam  others;  plants  are  more 
netted  than  the  earth ;  sand  sooner  than  a  trodden  sdl ; 
^an  flooner  than  metals ;  chips  sooner  than  a  piece  of  wood. 

4th.  When  dicnmstanoes  are  fayoorable,  dew  is  de- 
fosited  dming  the  whole  of  the  night ;  and  not,  as  ancient 
pbflosopherB  stated,  only  in  the  morning  and  evening. 

iHh.  The  moat  abundant  dews  are  observed  on  coasts. 
Li  the  interior  cf  large  continents,  and  particularly  in  the 
iataior  of  Asia  and  Africa,  they  are  almost  nothmg,  and 
^ufyhJl  in  the  nes^bourhood  of  rivers  and  lakes. 

Wtthoot  ftoppmg  at  the  different  hypotheses,  which 
h«fe  been  ^^ven  on  the  formation  of  dew,  I  will  lay  down 
WiillB^s  opaiionB  on  the  subject.  Dew  is  an  effect  of  the 
Aft  of  temperature  in  the  strata  of  air  in  contact  with  the 
aoQ.  Wkentlielatter  is  heated  durinff  the  day,  the  vapours 
rise ;  and  when  towards  evening  the  rorce  of  the  ascending 
"CUiieui  begins  to  diminish,  they  fidl  again  toward  the  earth, 
withovt  i&  air^s  being  saturated,  ^ter  sunset,  and  when 
the  weather  is  calm  and  the  sky  serene,  the  soil  radiates 
and  its  temperature  descends  several  d^^rees  below  tlmt  of 
the  coutiguous  stratum  of  air,  of  a  few  £cimetres  in  thick- 
nesB.  Then  the  phenomenon  of  the  {precipitation  of  vapour 
on  «  cold  glass,  when  brought  into  a  heated  room,  takes 
jdaee  on  a  srand  scale,  and  tne  grass  is  covered  with  dew. 
This  fidl  01  temperature  always  precedes  the  formation  of 
dew.  Hie  more  notable  it  is,  the  more  abundant  is  the 
dew,  for  equal  quantities  of  vax>our  of  water  contained  in 
the  air.  AmcultuTists  also  very  well  know  that  nights 
with  heavT  dews  are  very  cold ;  but  thb  cold  is  the  cause, 
and  not  the  effect  of  the  dew.  Eveiy  thing  which  opposes 
radiation,  a  screen  either  above  or  beside  the  object,  for 
tnsteoee,  prevents  the  formation  of  dew.  Plants  placed 
beneath  a  tree  are  much  less  wetted  than  others.  This 
eooting  taking  place  chiefly  in  the  neighbourhood  of  the 
il,  we  can  conceive  that  objects  are  less  wetted  by  dew,  as 


they  are  farther  from  the  earth.    Every  thing  proves  that 
an  elevation  of  a  few  inches  above  the  surface  of  the  soil,  is 

Suite  sufficient  to  produce  great  differences.  Radiation 
aying  but  little  intensity  when  the  sky  is  douded,  there 
is  no  dew.  It  is  the  same  when  there  is  wind ;  for  then 
the  cold  strata  of  air,  that  are  in  contact  with  the  soil,  are 
eonstantly  replaced  and  driven  away  by  others,  whose  tem- 
perature is  higher. 

All  circumstances,  that  favour  radiation,  equally  con- 
tribnte  to  the  formation  of  dew.    A  body,  that  is  a  good 
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radiator  and  a  bad  conductor  of  heat,  will  therefiyre  be  co- 
vered with  a  very  abundant  dew.  Thus  f^iam  becomes  wet 
sooner  than  the  metak ;  organised  bodies  are  wetted  more 
quickly  than  glass,  especially  when  they  are  in  small  ihig- 
ments ;  because,  as  the  heat  passes  with  difficulty  from  one 
to  the  other,  that  whidi  is  lost  is  not  replaced  by  that  which 
is  transmitted  from  the  interior  to  the  sur&oe  of  the  body. 
Thus  locks  of  wool  are  very  well  suited  to  these  experiments, 
and  become  covered  with  a  very  abundant  dew. 

The  moister  the  air  is,  all  other  thinss  being  equal,  the 
more  considerable  is  the  quantitjr  of  dew  Uiat  falls  in  a  given 
time.  Thus,  it  is  entirely  wantmff  in  arid  deserts,  notwith- 
standing the  intensity  of  noctunuu  radiation.  In  our  coon* 
tries,  nights  with  abundant  dews  may  be  considered  as  fine- 
telling  rain ;  for  they  prove  that  the  air  contains  a  gnat 
quantity  of  the  vapour  of  water,  and  that  it  is  near  the  point 
of  saturation.* 

White  frost  is  produced  under  the  same  drcumstances  ai 
dew.  AVhile,  at  a  few  yards  above  the  earth,  the  air  ii 
several  degrees  above  the  freezing-point,  the  soil  is  cooled 
by  radiation,  and  the  vapour  is  congealed  in  the  form  of 
beautiful  crystals.  This  cooling  is  very  hurtful  to  vege- 
tation ;  and,  during  the  serene  nights  of  spring,  the  products 
of  the  kitchen-^axdcn  are  frequently  killed  by  tne  cdd. 
Here  acain  all  circumstances  that  oppose  radiation,  prevent 
the  cooling.  Vegetables  sheltered  by  trees  suffer  less  than 
those  that  are  not  so  protected.  A  thin  covering  of  cloth  or 
of  straw  preserA'es  plants;  and  the  vine  has  often  been 
prevented  from  being  frozen  by  lighting  fires,  that  give 
much  smoke.  -  •  4*iwwii|| 

In  like  manner,  as  under  the  name  of  dew  are  comprised 
all  the  drops  of  water  that  remain  attached  to  the  leaves  of 
plants,  so  also,  under  that  of  hoar-frost,  are  comprised  the 
aqueous  precipitations,  which  assume  the  form  of  snow. 
Tncse  precipitations  may  be  formed  in  different  ways. 
When  south  winds  succeed  to  continuous  cold,  and  the 
thermometer  rises  almost  to  freezing-point,  vapours  are 
precipitated  in  the  solid  form;  stone  building  are  quite 
white,  and  the  branches  of  trees  are  covered  with  beautiful 
cr}'stals.  This  form  of  white  frost,  which  is  observed  in  our 
climates  every  winter,  is  very  frequent  in  the  polar  regions 
during  the  winter  seasons.  The  rigging  of  ships  is  then 
adorned  irith  sparkling  fringes  and  regular  crystallization, 
which  sailors  have  called  beards, 

*  J'i</<-  M.  AtAG0*3  Notice  on  Tew  (Annvafre  du  Bureau  dcs  LoHgt'hulct, 

lvi7;  pp.  IK-IW). 


Tlie  uicknt  chemuta  thonght  thftt  they  lecocnised  in  dew- 
water  celeetial  principlea ;  it  is  of  gfeat  pun^,  only  con- 
taining a  little  more  carbonic  acid  tnan  rain-water.  In  ita 
contact  witii  vegetables,  it  becomes  charged  with  o^tnic 
principleB,  For  a  long  time,  certun  dews  were  tnppowd  to 
oontain  foreign  subetances,  and  to  be  faurtf\il  to  vegetation. 
They  were  culcd  hotKy-white  or  nt^er  (^Hanialkatt,  MthUkaa, 
Germ.)  They  are  both  sugar  Becretions,  hurtful  to  YMetables, 
And  to  the  animals  that  feed  on  them.  Thus,  in  the  years 
1056  and  1669,  there  was  in  Switzerland  a  great  murrain; 
but  Sekraciiaer,  who  studied  it,  susiwcted  then  tliat  this 
•abstance,  that  covered  the  plants,  did  not  fall  Cram  the 
•ky.  After  him,  iiacha  Bhewed  that  the  aphides,  which 
often  collect  there  in  great  quantities,  are  tne  immediate 
cftose  of  these  pathological  secretious.  This  matter  a  k- 
creted  from  two  openings,  at  the  posterior  part  of  the  animal; 
if  it  is  not  collected  eitner  by  the  bees  or  the  ants,  it  is  dis- 
solved in  the  dew,  and  falls  on  the  lower  leave*.  It  is  also 
probable  that  this  sugary  matter  is  due  to  the  decompodtion 
of  the  vegetable  juices,  analogous  to  that  by  which  starch  is 
converted  into  sugar  in  the  manufacture  of  beer. 

OM  FOO. — When  the  vapour  of  water  is  precipitated  in 
the  atmosphere,  the  tiansparencv  of  the  air  is  disturbed ; 
and  this  aqueous  precipitation  taEcei  the  name  of  fog,  when 
it  is  on  the  surface  of  the  earth,  end  of  cloud,  when  it  re- 
mains suspended  at  a  certain  height  in  the  atmosphere.  So 
tbe  traveller,  who  journeys  to  the  suminit  of  a  high  moun- 
tain, complains  that  tbe  fog  intercepts  his  view;  whilst  the 
inhabitant  of  the  plains  says  that  tbe  summit  of  tbe  said 
mountain  b  enveloped  in  clouds. 

VSBICI.BB  OF  roOB.  —  Examined  bv  a  lens,  the  fof;  is 
composed  of  small  opaque  bodies.  A  close  investigation 
■faews  that  these  small  bodies  are  composed  of  water.  Obe- 
dient to  the  laws  of  uuivereal  gravitation,  the  molecules  of 
water  are  grouped  into  the  form  of  spheralcs,  analogous  to 
those  of  mercury  poured  into  a  porcelain  saucer,  or  water 
tX  the  bottom  of  a  glass  smeared  with  grease.  Are  these 
iqiherules  full  or  empty?  On  this  question  meteorologists 
are  divided.  The  opinion  put  fortu  some  time  ago  by 
B«U*T,  that  these  spherules  are  hollow,  and  that  tbe  water 
only  serves  as  an  envelope,  appears  to  have  a  better  fouada- 
tioD  than  any  other.  However,  it  is  probable  that  they  are 
mixed  with  a  great  quantity  of  drops  of  water ;  in  the  se- 
quel, we  shall  use  the  terms  vtiievlar  vapmcr,  vtttevlar/og, 
to  dengnatc  this  particular  condition  of  the  vapour  of  water. 
The  researches  of  Da  SaDwara  and  Krataanatate  give 
great  vrdgbt  to  this  opinion.    Take  a  copi  filled  witn  a 
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liquid  of  a  deep  colour,  such  as  coffee,  or  Indiaii  ink  dis- 
solved in  water ;  warm  it,  and  place  it  in  the  sun  or  in  a 
light  place :  if  the  air  is  tranquil,  the  vapour  ascends  and 
soon  disappears ;  if  it  is  observed  throngn  a  kns,  riobnles 
of  various  thicknesses  will  be  seen  to  ascend  from  Uie  lar- 
facc  of  the  liquid.  De  Bauasiire  adds  that  the  littk  ve- 
sicles that  rise  differ  so  much  from  those  that  fiJl,  that  it  is 
impossible  to  doubt  the  former  being  hollow. 

The  manner  in  which  these  bodies  conduct  themflelvei 
with  light,  is  no  less  favourable  to  this  opinion ;  thc^  do 
not  present  that  scintillation  which  is  observed  in  taSL  drops 
when  exposed  to  a  strong  lu^ht.  Moreover,  tiuc  runboin 
arc  never  observed  on  clouiu,  although  the  spectator,  the 
cloud,  and  the  sun  may  be  often  in  the  relative  positions  most 
favourable  to  the  production  of  the  phenomenon;  this  vonld 
not  be  the  case  if  clouds  were  composed  of  drops  of  water. 

KratBcnstein  made  a  still  more  convincmg  observation, 
which  few  authors  have  taken  into  considentioii.  Hk 
babbles  formed  with  soap-i;i*ater  are  often  ornamented  wUh 
the  most  beautiful  colours.  Colours  are  also  observed  on 
bubbles  formed  of  \'iscous  substances:  and  they  may  be 
studied  with  the  greater  facility,  as  they  last  a  oonsidenble 
time.  A  bubble  of  this  kind,  placed  on  black  pitch  or 
melted  glass,  shews,  at  its  upper  part,  a  black  or  a  ecdooxed 
s]X)t,  surrounded  by  a  certain  number  of  coloured  rinss. 
These  colours  are  derived  from  the  incident  rays  being  di- 
vided into  two  portions.  Some  are  reflected  by  the  anterior 
surface ;  others  traverse  it,  but  are  partly  reflected  by  the 
posterior  surface.  The  eye,  therefore,  receives,  almost  in 
the  same  direction,  two  classes  of  reflected  rays,  some  from 
the  anterior,  others  from  the  posterior  surface.  These  rays, 
being  variously  coloured,  react  on  each  other,  and  are  neu- 
tralised ;  but  some  of  the  colours  of  the  spectrum  remain 
isolated;  and  it  is  not  white,  but  coloured  light,  which 
reaches  the  eye.  I  shall  not  examine  in  this  place  the 
causes  and  the'  laws  of  the  phenomenon;  but  I  would  merely 
remark  that  the  envelope  of  the  sphere  must  be  very  thin, 
in  order  that  these  appearances  may  be  produced,  and  that 
they  are  intimately  connected  with  the  thickness  of  this 
envelope.  In  soap-bubbles,  these  appearances  change  every 
moment:  because  the  water  which  runs  on  the  bubble, 
and  evaporation  every  moment,  vary  the  thickness  of  the 
enveloiie.*'  In  like  manner,  the  colours  of  a  film  of  mica 
change  every  moment,  when  it  is  pressed  between  the  fingers, 
l)ecause  the  thickness  of  the  film  of  air,  which  separates  the 
dillcrent  films,  never  remains  the  same. 

*  ride  ^*otc  e.  Appendix  Ko.  U. 
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To  ttnd;  these  optical  efleett,  Knrton'a  process  ia  tlie 
bert.  Take  »  piece  of  Tery  level  Rlato,  and  on  H  pkce  s 
convei  lem  witn  a  long  focue ;  on  looking  at  it,  it  ■  certain 
anple^  yoa  will  we  coloured  rings,  the  centre  of  which 
cgucides  with  the  point  of  contact  of  the  two  gl—iei.  If 
the  ndiui  of  the  cnrvatore  of  the  lens  were  uiown,  the 
dirtanec  of  the  different  podnts  of  the  lens  from  the  level 
nmor  may  be  ealcolated ;  if,  at  the  same  time,  the  oolonn 
«K  obwrred,  the  tbicknem  neeewaiy  to  prodnee  (neb  or 
«Dch  a  edonr  ii  deduced.  Kratawtetw,  baviim^  exaniined 
tn  the  son,  through  a  magnifying  k1>m,  the  venclea  riring 
Aom  hot  water,  obwrved  at  their  tnr&ce  coloured  rii^^ 
like  those  of  soap-hubhles ;  and  not  only  waa  he  convinced 
tiiat  tUr  atmctare  wai  analcwona  to  aoqi-bnbblea,  but  he 
via  alao  Me  to  calcnlate  the  Iniitiifw  of  their  envdope. 

B«  aaNWMre  and  Ki«ta«ttBt«iK  endecTonred  to  meame 
nnder  Uie  >iieRMeape  the  diamelerttf  the  ▼eBctea.of  wfaidi 
Ibe  v^oBTflf  water  ii  composed.  It  ia,  however,  diffionlt  to 
arrive  at  spoaitive  result;  for  the  troe  otgect  ia  to  measure 
TsaielGi  of  fog,  and  not  tbose  arising  tma  hot  water :  for- 
tnnatelr  Muae  of  the  optical  phenomena,  that  are  produced 
wben  the  ana  ditnea  throngh  clouds  or  fogs,  fiimish  us  with 
ft  moDi  of  arriving  at  this  leauh.  I  will  hereafter  describe 
tbe  proeesi  that  I  adopted,  regretting  that  it  has  not  beeo 

e  frequentiy  put  into  practice.    I  have  made  a  grut 

ibw  of  measurements  in  Central  Germaiiy  and  in  Bwit- 
soiaad.  I  ibund  that  the  mean  diameter  of  the  vesicles  of 
tag  is  about  0™,0224;  their  diameter  varies  in  di^rent 
■eaaons,  and  appears  to  be  smaller  in  summer ;  I  find,  fOT 
T'lpjamrPi  the  fotlowing  numbers ; — 

■OO  III  THS  DITFEREHI  KOKTHI 


January 

PebruaiT 

March  ...... 

^■^.:;::::: 

June 

July 

August 

September . . . 

October 

November... 
December.... 

0,02752 
0,03498 
0^01997 
0,01917 
0,01060 
0,01798 
0,01695 
0,01402 
0,02244 
0,02039 
0,02454 
0,08490 

(Vide  Appendix,^.  IS.) 
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A  very  regular  progresnon  is  seen  to  exist  firom  winter 
to  summer;  for  the  anomalies  depend  on  the  insufficient 
number  of  existing  observations.  So,  in  winter,  when  the 
air  is  very  moist,  the  diameter  of  the  vesicles  is  twice  m 
great  as  in  summer,  when  the  air  is  dry ;  but  in  the  ssme 
month  this  diameter  also  chan^ :  it  obtains  its  sminnaii 
when  the  weather  is  very  fine ;  it  increases  as  soon  as  there 
is  a  threatening  of  rain ;  and  before  it  fSdls,  it  is  very  on- 
equal  in  the  same  cloud,  which  probably  contains  a  gnsfc 
number  of  drops  of  water,  mingled  with  the  vesicular  tip 
pour.  Kratsenateln  determines  the  thickness  of  the  en* 
vclope  of  these  vesicles  from  the  colooied  ring,  whidi  he 
observed  on  their  surface ;  it  is  0™",06. 

FORMATION  OF  Foos.— ^Mien  fog  beoomes  vkible 
any  where,  it  is  because  the  air  is  satnrat^  with  moistiire; 
then  only  can  the  vapour  of  water  be  precipitated  ine» 
santly  for  several  hours.  It  is  important  to  insist  on  tlui 
circumstance ;  for  Deine,  and  some  other  philosophen,  inbo 
have  employed  imperfect  hygrometers,  nave  insisted  thst 
the  air  is  ofu^n  very  dry,  in  regions  where  fogs  are  foimii^. 
The  experiments  of  De  SausBnre,  however,  prove  the  con- 
trary ;  and  I  have  convinced  myscdf  of  the  fiict  on  the  Alps, 
and  in  different  parts  of  Germany.  An  hygrometer  sus- 
pended before  a  window  in  the  centre  of  a  city,  undoubtedly 
cannot  indicate  the  degree  of  saturation  during  the  times  u 
a  fog;  but  this  occurs,  because  the  instrument  is  warmed 
by  tlie  walls  of  the  building:  and  even  this  anomaly 
eventually  disappears,  when  the  fog  remains  for  several 
hours. 

The  circumstances  amid  which  fog  forms,  are  often  very 
diticrcnt  from  those  which  accompany  dew.  When  the 
latter  is  deposited,  the  soil  is  always  colder  than  the  air; 
when  fog  occurs,  the  contrary  is  the  case:  the  moist  soil  is 
warmer  than  the  air ;  and  tne  vapours  that  ascend  beoome 
visible,  like  those  which  rise  from  boiling  water,  or  like  the 
vapour  of  expired  air,  which,  in  winter,  condenses  the  mo- 
ment it  escapes  from  the  mouth.  So,  in  autumn,  we  fire- 
qucntly  see  fogs  above  rivers,  the  yrvLier  of  which  is  mudi 
warmer  tlian  the  air  before  sun-rise.* 

However,  the  water  and  the  soil  may  be  hotter  than  the 

*  Fig.  14  in  the  Appendix  clearly  shews  the  relatiTe  range  of  the  tcm- 
r-craturcH  of  the  air  and  of  rivers  in  the  city  of  Lyon,  situated,  as  Is  well 
Ivnnwn,  at  the  intinz  of  the  Rhone  and  the  Sadne.  The  inspection  of  tb« 
three  cunres  shews  that,  firom  tlic  l«t  of  Norember.  the  mean  tempeFatare 
ft  the  air  becomes  lower  than  that  of  the  rivers ;  a  state  of  things  which 
r<a«cd  about  the  1  st  of  March ;  now  that  intermediate  period  is  the  true 
«ea»on  of  fugs.    The  comparison  of  the  three  curres.  of  the  epochs  of  mtuima 
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■ir  in  which  the  fog  is  formed ;  we  may  be  convinced  of  this 
l^  thermometric  meaanrements ;  for,  if  the  air  were  veir 
diy,  the  vapour  of  waWr  wonld  not  be  precipitated ;  it 
would  remain  in  the  elastic  state.  This  is  very  well  seen  at 
the  salt-Bprings  of  Halle.  In  winter,  when  the  weather  is 
drr,  there  is  visible  above  the  concentrating  apparatua  a 
Goluinn  of  vapour,  which  disappears  at  about  a  vard  above 
their  nirfiwe.  Should  the  air  become  moist,  uiis  vapour 
extends  afar,  and  covers  a  part  of  the  city,  althoneh  in  both 
esH«  the  temperature  ia  the  same.  The  same  thing  is  ob- 
served above  spring  of  hot  water,  and  above  the  craters  of 
Tolcanoa.  The  ancients  made  an  observation  respecting  the 
crater  of  Stromboli,  of  which  the  truth  may  even  tie  venfied 
in  our  own  times.  When  this  volcano  is  covered  with  cloud, 
the  inhabitants  of  the  Lipari  Isles  know  that  it  will  soon 
rain :  but,  as  we  well  know,  this  is  not  because  the  volcano 
is  more  aetiTe  before  rain;  it  is  because  the  air,  already 
saturated  vrith  the  vapour  of  water,  cannot  dissolve  that 
which  escapes  from  the  crater.  The  inhabitants  of  Halle 
Iklso  prognosticate  rain  when  the  vapour  of  the  salt-springs 
covers  their  city ;  and  yet  the  processes  of  concentration  are 
not  different,  as  changes  of  weather  approach. 

The  formation  of  fog  is  often  accompanied  with  drcum- 
■tances  which  it  is  at  first  difficult  to  explain.  When  the 
■1^  is  cloudy,  a  local  fog  is  often  observe  on  the  declivity 
or  mountains,  occupying  only  a  small  surface :  this  fog  u 
Kon  dissipated,  but  appears  again  immediately,  I  was  once 
fthle,  near  Wiesbaden,  to  analyse  the  circumstances  of  this 
Bngnlar  phenomenon ;  after  a  heavy  rain,  which  had  pene* 
tnrted  the  soil,  the  clouds  opened,  the  sun  appeared,  and  I 
■aw  a  column  of  fog  constantly  rising  from  toe  same  point. 
I  ran  towards  it ;  it  was  a  mowed  meadow,  eurrounded  by 
pasturage,  covered  with  very  high  grass,  which,  by  getting 
lesa  heated  than  the  mowed  surface,  gave  rise  to  a  less 
active  evaporation.  In  Switzerland  the  phenomena  occurs 
on  a  macn  grander  scale;  whilst  the  vei?  finest  weather 
prevailed  on  the  Faulhom,  the  lakes  of  Switzerland  were 
covered  with  fogs  of  very  various  densities;  that  which 
concealed  the  lakes  of  Zug,  Zurich,  and  NeuchAtel,  was 
Tcry  thick,  whilst  the  lakes  of  Thun  and  of  Brienz  were 
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Bcaroel J  wwend  with  a  figbi  ^rqponr.  TIm 
recumd  m  fiPOOMntly  that  it  mm  imffomUlit  flw  ai 
attribute  it  to  cbanee.  The  like  idZwg  m  ^aej  dam, 
its  ibediDg  itreuiu  do  not  eoott  dinR^  him,  toB  w^ 
gion  of  eternal  mowi.  The  tfin|ierBhno  ■nnt  be  id^^mt 
than  that  of  the  lake  of  Baeni,  into  nhich  the  Aar  k 
predpitated  nnmediBtdy  aftor  hating  f|MiHeii  Ihe  ^tar 
cien  of  GrrimeeL  Thus  men  faponr  ie  laked  ftaai  the 
lake  of  Zng  than  firain  that  of  BaeBs;  and|  at  «|Biil  tai> 
peratnres,  the  fanner  is  move  OMly  eonend  vilii  ft|g  4ha 
thektter. 

In  eoontcks  where  die  eofl  is  meirt  and  hot,  and  An  sir 
moist  and  eoldy  thick  and  fteqoeot  fi^  mi^  lie 
This  is  the  eMe  in  England,  the  eeaste  of  whudi  ~ 
b^  a  sea  at  an  elefated  tenmefBtue.    The  sshm 
with  the  pohr  seu  of  Newfiwmdland,  whmj  iSm  \ 
stream,  wnieh  ocMnes  from  the  aonlli,  hai  a  li^i^ier 
peratnre  than  that  of  the  air. 

In  London,  Iggs  have  sometimei  an  ^ 
eity.    Eveiy  year,  we  freonently  zead  in  die 
that  they  have  been  obliged  to  l$it  llie  gH  In  dhe 
of  the  day,  in  the  streets  and  hooBi.    Totdtt^nec 
the  sake  of  example.    On  the  84lli<if  Eebnnij,  IBO;  the 
fog  was  BO  thick  that,  in  mid-day,  peo^  in  the  ataeT        *^ 
not  see  distinctly;  and,  in  the  efenng,  the  towm 
been  illmninaiedl,  to  regoice  at  the  ImUaf  of  tibe 
boys  went  about  with  tordMB,  ssying  that  tliqr 
ingfixr  the  illnndnatkm.    Anakgoos  fogs  are  reeoriai 
haying  oecorred  in  Farii  and  inAsKlerdam; 
at  a  httle  distannr  from  these  cities,  the  Aj 
serene.    Sfaoold  we,  in  these  eases,  admit  tiuit  tibe 
ture  of  the  air  lias  merely  beoi  troubled  bgr 
vapour  ?    I  doubt  it,  and  think  that  smoke^  ei^ 
firom  coals,  plajTB  here  a  Tery  notable  part.    Hi 
charooal-diist  is  allowed  to  oodl  m  oomo,  and  is  then 
diately  plaeed  in  a  g^be  crwitaimiig  any  gas,  this  gaa  Is 
abeorbed,  especially  if  it  be  diamd  witli  -nq^onr  of  w«tar. 
The  carbon  increases  even  sensiuy  in  weight,  ao  that  iftgr 
kilogrsmmes  of  hicandeaoent  chareoal,  when  fTpnaBd  to  the 
open  air,  will  wash,  at  the  end  of  seversl  dayi,  lOf  to  MT 
kilogrammes.    This  fiust  is  well  known  in  mannfiMStories  of 
gunpowder.    In  escsping  firom  the  chimney,  thefdhn^  iSbm 
particles  of  carbon  must  absorb  air,  and  increase  In  wiklif 
However,  the  wind  will  carry  them  some  distauee  basse 
they  fidl  to  the  earth ;  but  if  the  air  is  moist  and  eafan,  aa  is 
the  case  in  time  of  fiig,  the  ^lecific  weight  of  the 
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n^idlj  increascB,  they  mix  with  the  fog,  and  are  diffused 
mAk  it  mto  the  neighbourhood. 

It  m  iiseleM  to  remark  that  fog  cannot  ponibly  form 
wkm  the  air  ia  very  dry.  It  is  never  observed  in  deserts. 
XkBreUera  faa;ve  often  considered  as  such  the  clouds  of  sand 
ated  by  Ae  wind.  Drp  fop  are  also  mentioned  in  our 
cfimatet ;  but  smoke,  of  which  we  shall  speak  presently, 
mdaada  of  diut,  are  eoocemed  in  this ;  for  if  the  definition 
iriddi  we  gacve  dTthis  hydrometeor  be  remembered,  the  ez- 
~maa  ocdzy  ftg  eontains  a  contradiction. 

Hitheito  we  uve  considered  that  the  vapour  of  water  is 
ripl>tr<l  into  the  stratum  of  air,  placed  immediately  above 
Iwnid,  cm  which  it  is  developed ;  this  vapour  may,  how- 
BE,  be  tnoiaported  by  the  winds  into  colder  countries,  and 
be  UMwfliiiid  into  fog  at  a  notable  distance  from  its  place 
of  oripn,  or  dbe  the  sudden  lowering  of  temperatuxe  deter- 
mmei  llie  ibnnation  of  fogs,  in  the  sameplace  where  the 
▼i^ioiir  of  witer  IS  raised  from  the  soiL  Tnese  ]>henomena 
are  often  observed  during  the  winter  in  Germany.  The 
S.W.  winds  bring  hither  abundance  of  vapours ;  or  else  the 
HJB.  wind  beginning  to  blow,  instantly  precipitates  the 
vifOfor  of  water  suspended  in  the  atmosphere.* 

ObOinM  oif  MOUNTAINS. — ^Fogs,  formed  ofvapours 
braoghi  from  afin*,  are  common  in  mountains ;  even  in  coun- 
triea  wbere  it  rains  but  very  rarely,  where  the  sky,  conse- 
qaetdff  m  almost  always  serene,  the  elevated  summits  of 
I  are  seen  to  be  enveloped  in  thick  clouds :  this  is 
in  tlie  interior  of  Asia  and  of  Africa.  When  a 
determines  an  ascending  current  along  the  sides 
if  •  aMMmtBin,  it  at  last  rraches  atmosnheric  strata,  whose 
is  such  that  the  vapour  of  water  is  instantly 
This  is  especially  the  case  when  opposite 
meet  on  the  summiL  I  have  often  witnessed  these 
tens  on  the  Alps.  I  will  content  myself  wilh  re- 
in detail  the  following  fact.  A  very  strong  south 
ras  blowing  on  the  summit  of  the  Rigi,  and  the  clouds 
that  were  passing  at  a  sreat  height  above  my  head  followed 
the  aame  mrection.  The  north  wind  was  blowing  at  Zurich, 
and  ascended  along  the  southern  jQank  of  the  mountain. 
When  it  attained  the  summit  light  vapours  were  formed, 
wlueh  seemed  desirous  of  passing  over  the  ridge ;  but  the 

■  In  ■  Tceent  memrir,  IC.  Peltike  has  itndied  Ibgs  in  an  electrical  point 
«f  itov.  Ha  dlatingalfllies — lit.  Simple,  or  non-electrical  fbgi  ;  2d,  Electri- 
cd  tagt.  Tbeae  are  wmetiincs  rerinous,  but  more  firequently  vitreous.  M. 
FM.TMB.  explahiB  the  electrical  state  of  these  toga  hj  the  combined  influenco 
«f  the  evrth  and  of  the  upper  regions  of  the  atmosphere. — Mlm,  4fs  Savant* 
£inmger9  de  FAcadhnie  de  JtnutcUeit  t.  zr.  8d  partle. 
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south  wind  dnrre  tbem  bade,  nd  fliqr 
north  at  an  angle  of  45%  and  diMppea 
ridge.    The  oonfliet  of  the  two  eeuUaiy 
several  hours.    A  great  muxy  whhla  wen 
point  where  the  two  winds  met;  and  tcsfi 
Httle  notice  of  the  test  of  the  metooralqgied 
were  struck  wiUi  this  singular  ydada.* 

When  a  chain  of  imwintains  la  loohed  at  ftsi 
a  doud  is  often  seen  attathpil  to  eadi  "■■"■■it^  wUkt 
interrals  are  per&ctii j  dear.    This  agpaanuMt  son  ' 
hours,  and  eren  entire  days.    But  thv  imiiioMily 
imaginary;  for,  on  these  sommitB  there  often 


Tioient  mid,  which  condenses  the  woors  as  imf 
along  the  flanks  of  the  mountain ;  wnen  ihtf 


the  summits  thcj  do  not  fiul  to  disBipale.    So  flsaMwasodtal^l 
tiiis  w 


observed  this  ^henomenan  on  the  Alpa;  and  M.  4m 


who  ezphunedlt,  says  that,  in  the  poMgea  of  tho  Aka  fti 
formation,  the  movements,  mm!  the  disnnanneo  of  cbaA^ 
form  a  sight  as  various  as  it  is  intereitiqg. 

Dark  clouds,  as  they  pass  nj^adty  over  the  Hospiea  of  & 
Gothard,  often  precipitate  themselves  in  thick  maassa  m  tta 


wiight  ftnavlUb 
YwoDldboMii 


in  a  thick  fo^;  but,  at  the  exit  of  the  vale  nfTiiBwIi.t 
has  become  dissolved  by  the  hot  ascending  coiwuta, 

ObOUDS.— It  might  seem  that  all  rlasmifciatlnn  wonlila 
impossible,  in  considering  the  forms,  the  appearaaee^  fld 
the  veiy  varied  dispositions  of  douds.  HowSevertmanyBtt- 
teorolo^ists  have  endeavoured  to  assodate  them  under  ev* 
tain  prmdpal  types.  These  types,  important  in  llminaiiiw 
are  especially  so  when  they  are  conneeted  wiUi  aal 
atmospheric  modifications ;  and  thev  fturnidi  ns  witfi  . 
dse  indications  on  the  changes  about  to  oeenr  iB*Ae 
weather. 

We   have  as  yet  merely  admitted  that  douds  an 
composed  of  the  vapour  of  water.    However,  when  we 

*  Ck>ad8  which  aaoindaloiig  the  dMUvltlii  of  mouitalM 
by  lirtiM  of  the  diamal  aeotiMl 

^tt^***  the  ■mmnltSt  mder  the  i -_ ,_ 

IMumtiTely  dnr  and  hot.    TlUt  elltet  la  moot  itiirii^ln  the 


east  and  nora  dopes  becin  to  experieooe  the  aotion  of  the  mhr  rwgitt  Iht 

ascending  hue  attfthu  the  line  of  the  ridM.    If  the  i 

the  aouth  or  the  aonth-weat,  which  rery  frequent^  h 

Uina,  it  meets  thia  haie,  pertly  dlfleolret  lt»  end  throws  beok 

north  the  wwUMolved  pertldoa.    Thia  plieaumeumfc  is  i 

on  hiUi»  at  the  aonui^  of  the  ravinee,  bj  which  tbftj  i 

baie  then  appears  to  traTcl  to  meet  the  wind,  and  jet 

terminates  It  on  the  side  remains  statioiiaiy^—^IL 
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iieetthtt  tiiey  Hott  fometiiiies  in  regiQiis  whose  temperature 
iminj  degrees  beknr  nro,  we  can  bnBfpme  that  they  may 
bi  compowMJ  of  fnam  particles.  In  wmter,  during  severe 
■U,  ife  em  often  oboei^  that  the  vapours  which  rise  are 
IB^poaed  of  brilliant  needles,  that  glisten  in  the  sun  and 
■Kndiile  mftll  flakes  of  snow.  The  same  thingmust  take 
riMe  in  tlie  higher  rq;ions  of  the  atmosphere.  There  exist, 
iMRfim,  snow  ckrads  and  clouds  of  vapour  of  water.  We 
in  pwwathr  make  known  the  characters  which  may  serve 
liihiiogiiisa  them,  and  we  shall  see  that  this  distinetion  is 
flir  dplaining  a  great  number  of  atmospheric 

diilinflnished,  according  to  their  fonns,  three 
of  dondi — the  csmct,  the  cumubu^  and  the  MinUiu^  to 
lUdi  foNV  ftnns  of  transition  were  attached,  vis.  c^ro- 
ewnlM^  ttffW'tiratmi^  enmulo'straius,  and  xMhw. 

Tba  e^rm  (thelMr«-fai2>f  saOors,  or  the  SLW.  douds  of 
the  gwlw  peasants  [vide  plate  m.])  is  composed  of  thin  fila- 
ments^ the  Msociation  of  which  sometimes  resembles  a  brush, 
it  olher  tiniea  woolly  hair,  and  at  times  slender  net-work. 

Tlie  CMwrfiii  or  summer-doud  (baU  ofcoUon  of  sailors) 
Bpaquently  presents  itsdf  in  the  form  of  a  h^nuphere,  rest- 
ing on  an  noriiontal  base.  Sometimes  these  hemispheres 
ve  bnilt  one  upon  the  other,  and  form  those  great  clouds 
wUdi  aecmniilate  on  the  horizon,  and  resemble  at  a  distance 
inwiBlaina  covered  with  snow. 

Hm  ttnatiu  is  an  horizontal  band,  which  forms  at  sun-set, 
nd  dinppeara  at  sun-rise.  Under  the  name  of  cirro-ciunu' 
hUf  fltoward  designates  those  litde  rounded  douds  which 
■ve  oAai  called  woolly  douds:  when  the  sky  is  covered 
with  them,  it  is  said  to  he/ieecy. 

The  arro-Mtratiu  is  composed  of  little  hands  of  filaments 
Move  compacted  than  those  of  the  cirrus;  for  the  sun  has 
iMnetiiiiea  a  difficulty  to  pierce  them  with  his  rays.  These 
donda  form  horizontal  strata,  which,  at  the  zenith,  seem 
eonyoaed  of  a  great  number  of  thin  douds ;  whilst  at  the 
honson,  when  we  see  the  verticd  projection,  a  long  and 
TetrmuTOW  band  is  visible. 

When  the  ewnubu  douds  are  heaped  together,  and  be- 
eone  more  doise,  this  species  of  cloud  passes  mto  the  condi- 
tkm  oi  amudo'Mtratiu^  which  often  assume,  at  the  horizon,  a 
bbdL  or  a  bluish  tint,  and  para  into  the  state  of  nimbus  or 
inn  dond.  The  latter  is  mstinguished  by  its  uniform  grey 
tint,  and  its  fringed  edges;  the  clouds  of  which  it  is  com- 
poaed  are  so  compoui^S  that  it  is  impossible  to  distinguish 
them. 
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Though  it  he  easy  to  distingaish  these  cI(iiidB,iriieB  then* 
foniis  arc  well  characterised,  it  is  often  a  very  diffieoit  mat- 
ter to  designate  accurately  certain  forms  of  traiiBtion;  and 
one  observer,  for  example,  ^^ill  call  drro-Mtratugj  what  ano- 
ther would  designate  under  the  head  of  cmmdo-tinitu.  I 
have  given  the  most  remarkable  appearances  in  plate  m. 

AlUr  a  continued  period  of  fiur  weather,  and  when-the 
barometer  slowly  beffms  to  fidl,  well-characterised  dni 
often  appear  under  the  form  of  slender  filaments,  whois 
whiteness  contrasts  with  the  azure  of  the  sky.  At  other 
times  they  are  arranged  in  parallel  hands,  scareely  Tisibk^ 
and  whicfi  arc  directed  from  the  S.  to  the  K.,  or  mm  SwW. 
to  the  N.E.*  Sometimes  they  separate,  and  resemhle  the 
floating  tail  of  a  horse.  In  Germunp^  these  clouds  are  kmnm 
under  the  name  of  wind-trees  (TFrncMtfinne).  These  fl^ 
ments  are  also  seen  to  cross  each  other  in  various  wagn* 
These  clouds  frequently  resemble  carded  cotton,  and  nfl 
into  the  state  of  drro'CKmuhu  and  etrro^stratiu.  The  wmie 
colour,  by  which  they  are  characterised,  does  not  ahn^ 
permit  their  structure  to  be  recognised,  or  their  tranafbnDa- 
tions  to  be  followed ;  but  by  means  of  the  mirrors  of  black- 
ened glass,  which  landscape-painters  use,  this  may  be  laa- 
naged  with  the  greatest  facility.  The  eye  is  not  daaikd, 
and  the  cloud  reflected  in  the  glass  may  be  studied  it 
leisure. 


*  The  tendency  which  the  cirri  hare  to  arrange  themaelTta  in 
parallel  to  each  other  hi  remarkahle ;  and  it  pmrea  that  the  eanae  iririeh 
directs  their  fllamcnts  to  one  azimuth  rather  than  another,  inataad  ofbctav 
merely  local  and  occidental,  extendi  to  great  distance*. 

By  a  well-known  law  of  perviicctive,  parallel  bandi  ought  toappwJU 
vci-Kins:  from  one  point  of  the  horizon,  and  converging  at  the  point  ot  tht 
horizon  diametrically  opposite.  The  obserration  of  these  pointa  of 
genco  greatly  facilitates  the  knowledge  of  the  direction.    The  < 


that  I  ma'le  with  M.  Bbavaia.  on  the  Faulhom.  prore,  agreeably  to  M. 
Kaextz's  observtition^  that  the  predominant  direetiim  ii  that  of  tlie  8.W. 
to  N.K.  The  meteorological  registers  of  the  members  of  the  Coauniailoa  of 
the  North,  who  wintered  in  Lapland,  give  a  slightly  different  dtrectfcm 
merely :  from  W.  ^  S.W.,  to  E.  J^  N.E.  McHVorer,  the  phenomeaon  ocean 
more  frequently  there  than  in  the  temperate  lonea. 

At  the  equator,  M.  d£  HrxBuLDT  found  that  the  parallel  bands  were  ga- 
ncrally  directed  from  N.  to  S. 

The  cause,  which  thus  arranges  the  great  axes  of  these  cloada,  aeoordinf 
to  parallel  Uuc».  is  still  imknown.  Porstee  was  the  first  who  made  the  vexy 
just  remark  that  these  clouds  almost  al^-ays  travel  along  a  parallel  to  tlie^ 
groat  axis,  which  tn^eatly  contributes  to  render  them  apparently  motionlcaa. 
M.  Beavais,  witliuut  being  aware  of  FuasTca's  obserratioiM,  arrived  at  tb« 
same  couclur^on.  Many  meteorologists  (  Howard,  Forbtxb.  Peltier)  seem 
to  l>clicve  that  the  cirri  serve  as  conductors  between  two  distant  fod  of  eJee- 
tririty,  of  opposite  names,  the  fluids  of  which  tend  to  combine,  and  that  tte 
tlexibility  of  the  coiulucting  clouds  terminates  in  the  rectilinear  form,  which 
is  necessitated  by  the  condition  of  the  shortest  path  fhnn  one  Ibcns  to  tte 
other.— M. 
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The  drri  aie  the  most  eleyated  clouds :  it  is  difficult  to 
hli  iiiiinii  thdr  height.  Measures  made  at  Halle  have  often 
lii  me  to  assign  to  them  a  height  of  6500  metres.    Travd- 

who  have  passed  over  high  mountains,  are  unanimous 

KrtiBg  that,  from  the  highest  summits,  their  appearance 
I  the  same.    During  a  stay  of  eleven  weeks  within  sight  of 

the  elevation  of  which  is  4200  me^es,  I 
oiMerved  any  cirri  below  the  summit  of  that  moun- 
It  is  among  the  cirri  that  halos  and  parhelia  are 
i;  and  on  stadying  these  clouds,  by  means  of  the 
Ihckened  mirror,  it  is  a  rare  case  not  to  find  in  them  traces 
rfhelfw  These  phenomena  being  due  to  the  refraction  of 
Ua  in  fioaen  particles,  we  may  conclude  that  the  cirri  are 
amadTei  ecmqiOBed  of  flakes  of  snow  floating  at  a  great 
Ul|^  in  the  atmosphere.  Observations,  continued  for  ten 
yeaiBihsfe  convinced  me  of  the  truth  of  this  assertion ;  and 
I  know  of  no  observation  tending  to  prove  that  these  clouds 
are  compowd  of  vesicles  of  water.  We  may  feel  asto- 
niabed,  no  doubt,  that  in  summer,  when  the  temperature 
Gneraently  attains  25°,  the  clouds,  which  float  above  our 
btmMf  aie  eomposed  of  ice;  but  the  doubt  will  disappear 
iriwa  we  reflect  on  the  decrease  of  temperature  with  height. 
Dozing  one  of  those  hot  days,  when  ram  falls  on  the  plains, 
dna  nan  is  snow  on  the  summits  of  the  Alps. 

The  appearance  of  cirri  often  precedes  a  change  of  wea- 
ther. In  summer,  they  announce  rain ;  in  winter,  f^oat  or 
thaw.  Even  when  the  vanes  are  turned  towards  the  north, 
tbcK  clouds  are  often  carried  along  by  S.  or  by  S.W.  winds; 
and  the  latter  are  soon  felt  also  at  the  sur&oe  of  the  earth. 
We  ean  admit  that  these  clouds  are  brought  by  the  south 
windb,  which  determine  the  fall  of  the  biu-ometer,  and  the 
vapours  of  which  arc  precipitated  in  the  form  of  rain.  Such 
it  Jeaat  is  Mr.  Dove's  theory  :  it  justifies  the  denomination 
udcr  which  the  Swiss  peasants  have  designated  this  class  of 
clouds. 

When  the  S.W.  wind  prevails,  and  extends  to  the  lower 
regions  of  the  atmosphere,  the  cirri  also  become  more  and 
more  dense,  because  the  air  is  moister.  They  then  pass  into 
the  condition  of  cirrO'Stratus^  which  first  appear  under  the 
ibnn  of  a  mass  like  carded  cotton,  the  filaments  of  which 
are  doeely  interlaced,  and  they  gradually  take  a  greyisli 
tint ;  at  the  same  time  the  cloud  seems  to  get  lower,  and 
Tcrienlar  vapour  is  formed  which  fails  not  to  be  precipitated 
in  the  form  of  rain. 

The  same  meteorological  circumstances  sometimes  deter- 
mine the  formation  of  light  cirro'Cttmulus,  which  are  entirely 


"  «>    -■  ■■:. 
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composed  of  vesicalar  vapour.  They  do  not  iredken  the 
light  of  the  sun,  for  it  passes  through  them;  and  M.  da 
Htimboidt  has  often  been  able  to  see  through  these  douds 
stars  of  the  fourth  magnitude,  and  even  to  zeoogniae  the 
spots  on  the  moon.  AVhen  they  pass  before  the  sun  or  the 
moon,  these  bodies  are  surroun^fed  with  an  admirable  oorooiL 
The  cirro-cumuU  foretell  heat :  it  seems  that  the  hoc  iCNith 
winds,  which  prevail  in  the  lower  r^ona,  do  not  eonvey  a 
sutHcient  quantity  of  vapours  to  cover  the  sky  entirely  with 
clouds,  and  that  they  only  act  by  their  elevated  tcmperip 
ture. 

While  the  clouds  of  which  I  have  spoken  are  theprodnee 
of  the  south  wind,  the  cumuli  o^e  their  existence  to  «>fff^"tg 
currents :  their  height  varies  greatly,  but  it  is  alwaya  km 
than  that  of  the  cirri.  The  cumuU  are  moat  characteriilie 
in  the  fine  days  of  summer.  When  the  sun  riaes  in  a  cleir 
sky,  a  few  small  clouds  ma^  be  seen  appearing  aboat  eis^ 
o'clock  in  the  morning,  which  seem  to  mcreaae  from  wium 
outward.  They  become  thicker,  and  accumulate  to  fonn 
masses  clearly  circumscribed  and  limited  by  curved  lino, 
which  cut  each  other  in  different  directions.  Their  number 
and  size  increase  till  the  hour  of  greatest  heat  in  the  day. 
They  then  diminish ;  and  at  sun-set  the  sky  is  again  per- 
fectly serene :  in  the  morning  they  are  very  low,  but  they 
continue  ascending  until  mid-day,  when  they  a^pain  re- 
descend  in  the  evening.  I  convinced  myaelf  of  this  by  di- 
rect measurement  and  ob8er\'ations  made  in  the  mountains. 
How  oflen  have  1  seen  the  cumuli  under  my  feet  in  the 
momine!  They  then  rise:  toward  mid-day  I  was  sur- 
rounded by  clouds  for  about  an  hour,  and  the  rest  of  the 
day  I  saw  above  my  head,  clouds,  which  in  the  evening  re- 
dcsceuded  to  the  plain.* 

Cumtdi  arc  formed  when  ascending  currents  draw  the 
vapours  into  the  higher  regions  of  the  atmosphere,  where 

*  There  exUt  a  great  number  of  meuurements  of  the  heights  of  ckndi. 
Kaemtz  (Lehrbuch  der  Mfteorotogie,  X.  i.  p.  385)  relmlet  terenl,  wUch  art 
due  to  RiccioLi,  BouarsB,  de  Hcsiboldt,  Lambcbt.  CloaTKWAnrB,  and  to 
himself.  The  extremes  arc  400  and  6500  metres.  I>uring  the  cmtaa  of  tha 
Venus,  900  and  1400  metres  were  found  on  the  Atlantic  and  tha  South  Sea. 
as  the  extreme  terms.  {Comptrs  rendus  de  rAcadhmic  da  Sciemcett  t*  iL 
p.  3*24.   1840.) 

M.  Pettier,  stafirK)(ncer,  communicated  to  the  Instltut,  Jannary  2, 1817, 
furty-eight  measures  of  the  height  of  clouds,  made  in  18S6,  dnring  Vbm  trten- 
frulation  tliat  he  executed  in  the  Pyrenees  with  M.  HossAan.  The  eztrtnes 
tor  the  lower  plane  of  clouds  were  450  and  2500  metres;  for  the  upper 
plane.  900  and  3000.  They  obuincd  these  different  determlnatioiia  by  ala  of 
the  heights  previou^  measured,  of  the  peaks  to  which  tlie  dooda  were  tan- 
Konts  by  their  superior  or  inferior  surfsces.  On  Sept.  29,  the  two  obaerrers 
were  so  placed  as  to  see  at  the  same  moment  the  two  oppodtc  sur&oes  of  a 
doud.    Its  tl&icknesB  was  450  metres.    Next  day  it  was  850.— M. 
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tbe  air,  beioe  very  cold,  is  rapidly  ntnrated.  If  the  current 
increaKa  in  force,  tbe  vapouiv  and  clouds  become  more  ele- 
vated ;  but  there  they  increase  in  greater  ratio,  on  account 
of  the  rednction  of  temperature.  Hence  it  happens  that 
the  sky,  though  Rue  in  tbe  morning,  ia  entirely  clonded  at 
Bdd-day.  When  the  ascending  current  relaxes  toward 
evening,  the  clouds  descend:  as,  on  arriving  into  strata  of 
air  which  are  less  heated,  they  again  pass  into  the  state  of 
inviaible  vapour.  According  to  Manantra,  the  rounded 
fi>rm  of  clouds  is  due  to  this  mode  of  formation.  Indeed, 
when  one  liquid  tTaverses  another  in  virtue  of  the  resistance 
1^  the  ambient  medium,  and  the  mutual  resistance  of  its 
parts,  the  former  takes  a  cj'lindrical  form  with  a  circular 
section,  or  one  composed  of  arcs  of  a  circle.  We  may  con- 
vince  ourselves  of  this  by  letting  a  drop  of  milk  or  of  ink 
&11  into  a  glass  of  water.  Thus  tbe  masses  of  ascending  air 
are  great  columns,  the  shape  of  which  is  defined  by  the 
clouds.  Add  to  this  the  little  whirlwinds  on  the  borders  of 
the  clouds,  which  arc  frequently  observed  in  mountuns,  by 
means  of  the  blackened  mirror,  and  which  also  contribute 
to  ^ve  to  the  whole  rounded  fbimB,  anal(^uE  to  those  of 
whirls  of  smoke  escaping  from  a  chimney. 

The  ctimali  do  not  always  disappear  toward  evening ;  on 
tbe  contrary,  thc;^  often  become  more  numerous,  their  bor- 
■lers  are  less  hrilhant,  their  tint  deeper,  and  they  pass  to  the 
state  of  cmmdo-itrabu,  especially  if  a  stratum  aicimu  exists 
below  them.  We  may  tncn  expect  rains  or  storms,  for  in 
tbe  higher  and  the  mean  regions  the  air  is  near  the  point  of 
Mrturation.  The  south  wind  and  the  ascending  currents 
give  rise  to  changes  of  temperature  which  determine  the 
predpitation  of  aqueous  vapour  in  the  form  of  nin. 

"Hie  etmuii,  that  are  heaped  up  on  the  horizon  in  the  fine 
days  of  summer,  are  those  vrnich  are  most  fertile  for  plays  of 
the  imagination.  Who  lias  not  fancied  that  he  rec(^;nises  in 
the  changing  forms  of  these  clouds,  men,  animals,  trees,  and 
mountains?  They  furnish  comparisons  to  the  poets;  and 
Omaiaa  has  borrowed  from  them  his  most  beautiful  images. 
The  popular  traditions  of  mountainous  countries  are  full  of 
strange  events,  in  which  these  clouds  play  a  prominent  part. 
As  they  are  often  of  the  same  height,  an  appearance  results, 
which  I  should  mention.  When  I  was  living  at  the  Paul- 
horn,  the  sky  was  frequently  perfectly  clear  above  my  head ; 
but  a  little  above  the  horizon,  a  belt  of  clouds,  tbe  width  of 
which  did  not  exceed  double  or  treble  that  of  the  moon,  ex- 
tended like  a  pearl  necklace  along  the  West  Alps,  from 
France  to  the  Tyrol.    My  station,  at  2663  metres  above  tbe 
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sea,  was  a  little  more  elevated  than  the  clouds,  and  tfacir 
projection  on  the  aky  formed  a  narrow  belt,  although  they 
were  spread  over  a  vast  extent  of  the  sky.  From  tnia  pro- 
jection, it  follows  that  it  is  often  very  difficult  to  distingiii^ 
t}ie  cumtdus  from  the  eumub'Stratus,  How  frequently  do 
we  see  cumidi  spread  over  the  sky !  The  horizon  aj^wan 
charged  with  clouds,  it  seems  that  the  heavens  will  in  a  short 
time  be  entirely  covered  with  them ;  and  yet  the  sun  eoo- 
tinues  to  shine  without  intermission.  A  very  simple  nh 
sonin^;  proves  that  the  eye  has  been  deceived  by  a  projectioD. 
Imagine  (pi.  u.  fig.  4),  a  series  of  globular  clouds  of  the 
same  size,  cqiii-distant  from  each  wier:  if  the  obsenrer 
draws  two  lines  from  the  station  he  occupies  to  the  lunio  of 
the  clouds,  the  interval  between  those  which  are  U  the 
zenith  will  be  very  great,  but  it  ¥rill  be  contracted  in  pn- 
portion  as  they  approach  the  horizon,  when  it  becomes  en- 
tirely null. 

While  the  true  eiaim2t  are  formed  by  day,  and  dis^ipev 
during  the  night,  another  variety  of  these  clouds  is  seen 
under  very  dittcrent  circumstances.  It  is  conunon  to  ob* 
serve,  in  tlie  afternoon,  dense  cloudy  masses,  rounded  or 
extended,  with  borders  badly  defined,  the  number  of  vdiich 
increases  towards  evening,  until,  during  the  night,  the  sky  is 
completely  overcast.  The  nesct  day  it  is  still  overcast,  bat. 
some  hours  after  sun-rise,  all  disappears;  the  true  numb' 
then  occupy  the  sky,  when  they  float  at  a  more  constdenble 
height.  I  have  determined  this  by  direct  measurements. 
At  evening,  clouds  of  the  former  class  again  replace  the  true 
nunttli.  These  clouds  are  composed  of  very  dense  vesicular 
vapour,  like  the  cufimJits  and  the  cumulo'iftnUus,  They  differ 
in  their  dependence  on  the  hours  of  the  day ;  they  have  also 
an  analog}'  with  the  strahu,  on  account  of  their  extent  and 
are  distinguished  from  them  by  their  greater  height.  How- 
ever, they  approach  nearer  to  them  than  to  the  cunudut,  and 
I  propose  designating^  them  under  the  name  of  ittrato'cmmubut. 
During  winter,  this  kmd  of  cloud  frequently  covers  the  whole 
sky  lor  weeks  together :  their  presence  is  probably  due  to  the 
decrease  of  tem])erature,  reckoning  from  the  ground,  being 
more  rapid  than  usual.  But,  as  the  sun  rises,  its  rays  dis- 
solve the  clouds,  the  vajMurs  ascend,  rnmuli  are  formed. 

This  influence  of  the  sun  on  the  clouds  gives  rise  to  at- 
mospheric variations,  which  are  well  known  to  husbandmen, 
ill  the  morning  the  sky  is  clouded,  and  it  rains  abundantly : 
but  towards  nine  o'clock  the  clouds  se|)arate,  the  sun  shines 
through,  and  the  weather  is  fine  for  the  rest  of  the  day. 
At  other  times,  during  the  moming,  the  sky  is  dear,  but 
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ibe  air  moist.  The  clouds  soon  appear;  toward  mid-day, 
the  sky  is  covered,  the  rain  falls,  but  it  ceases  toward  even- 
iig.  In  the  former  case,  they  were  stratO'Cvmtdus ;  in  the 
htter,  cwMtio'Mtratus.  The  former  are  diasipated  by  the 
xm  of  the  Ban,  the  latter  are  formed  under  their  influence. 
Vthe  temperature  and  hysrometric  conditions  of  the  air  at 
lap  or  tfarae  thouaand  yaffds  above  the  earth  were  as  well 

aa  at  its  aorfkce,  these  apparent  anomalieB,  which 

QSp  might  be  more  easily  explained. 

or  THB  SU8PBN8ZON  OP  CLOUDS  ZN 

IFHHBS. — When  we  see  a  cloud  resolve  itself 
klo  Hilly  and  pour  out  thousands  of  ^[allons  <tf  water,  we 
^  id  how  it  can  float  m  the  atmosphere, 
have  been  made,  in  order  to  ez|^bm  this 
it  has  been  said  that  the  air  itself  is  tntosformed 
Into  lain;  then  the  vesicles  of  water  have  been  supposed  to 
be  fiM  «kh  a  gas  lighter  than  air.  Chemical  analysis  has 
fnfvi  Ae  inaceuracy  of  both  these  enknatianSi  If  the 
onailbiMt  priadples  of  the  air  were  eombiiied,  there  could 
«ib^x«nltiiitrie  acid,  and  not  water;  and  air  collected  in 

SMd  in  doods  has  not  given  the  least  trace  of  gases 
Isr  ^han  air.  We  must  therefore  admit,  that  the  ve- 
■  of  te  are  heavier  than  the  medium  in  which  they 
MpflDOBd:  however,  thev  rise  with  great  rapidity.  A 
r  n^le  eooaideration  will  give  us  tSs  solution  of  the 


Abandoned  to  itself,  a  vesicle  of  fog  fkUs  to  the  ground, 
like  every  other  heavy  body,  and,  in  vucuo^  it  arrives  there 
•miik  »  great  acquired  rapidity ;  but,  as  it  £U1b  into  the  air, 
it  dinfrces  the  one  whicn  is  beneath  it,  and  this  resistance 
dBBBnahea  the  rapidity  of  its  fall  more  effectually  as  the  en- 
vdkne  of  the  veside  is  thinner.  If  we  i^ply  the  laws  of 
Mwnanics  to  this  particular  case,  we  shau  find  that  the 
fiiocity  of  the  &11  of  such  a  vesicle  is  not  very  great,  and 
noold  not  be  above  thirteen  decimetres  per  second  after  a 
lUl  of  BZ  or  eight  hundred  metres.  Jjdl  some  cases  even,  it 
noold  be  scarcely  three  decimetres. 

But,  some  philosopher  might  say,  it  is  of  no  consequence 
^iliether  the  vesicle  iall  swifuy  or  slowly,  in  either  case  it 
m  not  sustained  in  the  atmosphere;  and  yet  observation 
nrovcs  that  clouds  float  at  a  great  elevation.  To  those  who 
nave  often  observed  fo^  on  the  plain,  and  clouds  on  moun- 
tains, all  the  marvel  disappears.  A  cloud,  indeed,  is  not  a 
motionless  mass,  as  may  be  seen  by  observing  it  at  a  dis- 
tanee ;  it  is,  on  the  contrary,  in  perpetual  motion.  When 
ihe  yeaidesi  as  they  are  earned  along  by  the  wind,  aniTe  in 


124  ON  AQUBOTTS  1CETXOB8. 

a  dry  air,  they  dissolve,  whilst  on  the  side  of  the  ^vriiid  the 
vapour  is  precipitated  in  the  vesicular  state.  Thus,  a  clond, 
apparently  motionless,  often  slowly  descends,  and  its  lower 
part  is  continually  dissolved,  while  the  upper  continually 
increases  by  the  addition  of  new  vesicles. 

There  exists  a  force  directly  opposed  to  the  &11  of 
clouds,  it  is  that  of  ascending  currents.  During  fine  weather, 
the  vesicle  falls  with  a  velocity  of  about  three  decimetres  per 
second ;  but  the  ascending  current  has  a  much  greater  velo- 
city, and,  consequently,  it  draws  the  vesicle  onward.  On 
this  account  it  is  that  the  cumnU  are  more  elevated  at  mid- 
day than  in  the  morning ;  towards  evening,  on  the  contniv, 
as  soon  as  this  current  becomes  weaker,  the  clouds  actually 
descend,  and  dissolve  when  they  arrive  into  the  wanner 
regions  of  the  atmosphere.  The  horizontal  currents  aho 
oppose  the  fall  of  clouds. 

I  have  purposely  avoided  borrowing  any  illustrmtioB 
from  phenomena  foreign  to  Meteorology.  Who  has  not  ob- 
served grain,  feathers,  sand,  dust,  &C.,  elevated  to  a  pn>- 
digious  height,  and  transported  to  great  distances  f  At  verj 
many  leases  from  the  coast  of  Africa,  ships  have  been 
covered  with  the  sand  from  Sahara;  and  it  is  well  known  that 
the  wind  transi)orts  to  immense  distances  the  ashes  vomited 
from  volcanos.  Yet  these  bodies  are  much  denser  than  the 
vesicles  of  water.  Let  us  not,  then,  seek  to  explain  their 
susi)cnsion  by  extraordiiiar}'  causes ;  it  is  as  easy  of  compre* 
hension  as  tliat  of  dust.* 

OF  RAIN  AND  8N01V. — When  the  vesicles  become 
larp^  and  the  temperature  diminishes,  the  rapiditv  of  their 
fall  increases ;  many  of  them  unite  and  fall  to  the  earth. 
If  they  traverse  strata  of  veiy  drj-  air,  their  surface  inces- 
santly evaporates,  the  drops  become  smaller,  and  less  rain 
falls  on  the  ground  than  at  a  certain  height ;  it  may  even 
happen  that  the  rain  does  not  reach  the  earth,  but  is  entirely 
dissolved  in  the  air.  On  plains,  in  spring,  when  the  weathn: 
is  variable,  rain  is  sometimes  seen  to  fall  abundantly  from  a 
cloud  situated  at  the  horizon ;  but  the  bands  of  rain,  which 
are  ver>'  readily  distinguished  by  their  grey  colour,  do  not 
reach  tfie  earth.  Sometimes  the  rain-drop  increases  during 
its  descent ;  for  it  is  of  the  temperature  of  the  upper  strata 
of  the  atmosphere,  and  condenses  on  its  surface  the  vapour 
of  water,  as  a  decanter  of  cold  water  does  when  brought  into 

*  Fbbxel  thou](ht  that  the  wlttr  heat,  absorbed  into  the  nibstance*  of 
clouds  diUtes  the  air,  which  sepAratev  the  resides  and  converts  tlie  clomls 
into  a  Ikhid  of  aerostat,  which  rises  to  greater  heights  as  the  exceaa  of  tem- 
perature is  greater.— (Vide  Bibliotheqnc  Universrtle,  t.  xxi.  p.  S60.) 
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•  wirrn  chamber.  The  quantity  of  rain  which  will  then 
moisten  the  soil  will  be  more  considerable  than  that  which 
Uls  at  a  certain  height. 

Differences  of  level  of  thirty  metres  are  sufficient  to 
itnder  these  phenomena  sensible.    In  order  to  determine 
Ihe  quantity  of  rain,  instruments  are  used,  oftlled  pluv£o» 
embromeierSj  hvetometers,  udometers.    They  consist  of 
>  qpen  above,  which  are  placed  in  an  exposed  situation, 

•  M  to  reedve  diieetly  the  ram  or  snow  that  falls  from  the 
itaionlieie.  After  each  rain,  the  quantity  of  water  con- 
tnoea  in  them  is  measured ;  if  it  has  been  snowing,  the 
mow  is  first  melted.  But  in  our  climates  the  quantity  of 
nbi  that  fidli  in  each  shower  is  reduced  to  so  little,  that  the 
iociunlated  erron  of  observation  may  have  a  great  influence 
•fer  the  ammal  mean.  The  most  unexcepdoniuile  apparatus, 
but*  9X  the  tame  time,  the  most  complicated,  is  that  which 
hat  ben  devised  by  Professor  Homer  of  Zurich  (tfMe 
WLmmmMf  SHatiis  on  Meteoroiogy^  tip.  413,  and  pi.  m. 

VwT  iimnle  roeaforing  apparatus  are  generally  em* 
%  ^  tube,  from  two  to  four  Centimetres  in 
r,  is  ^vided  exteriorly  into  corresponding  parts, 
CMii  of  two  or  three  cubic  centimetres  in  capacity.  The 
aoalh  of  die  phiviometer  is  measured  with  equal  accuracy : 
WiHiOK  that  it  be  equal  to  0,2  square  metres;  after  ram, 
the  mter  fbnnd  in  the  pluviometer  is  poured  into  the  gra- 
dusted  tube,  and  we  thus  learn  how  many  cubic  centimetres 
of  water  have  fallen.  We  also  calculate  what  would  have 
been  the  height  of  the  water  fallen  into  the  pluviometer, 
by  dividing  3xe  number  of  cubic  centimetres  by  the  surface 
OK  tile  month,  expmsed  in  square  centimetres.  I  suppose 
that  0,10283  cubic  metres  have  been  found,  the  water  would 
have  had  a  height  of 

0,10283 
0,20000  ' 

It  ii,  moreover,  indispensable  to  measure  immediately  after 
nin«  otherwise  a  portion  of  the  water  evaporates,  and  the 
numbers  found  are  too  low.* 

*  IL  FLAConouit,  prafetfor  at  the  School  otVwnl  Artillery  at  Toulon. 
ygftud  to  the  Society  of  Sdenoes  of  that  city,  in  the  ooone  of  1841,  a  new 
aywhirj  udometer,  arnuiged  not  only  for  measuring  the  quantity  of  rain 
wai  tuu,  but  also  to  make  known,  by  mere  inspection,  the  portions  of  this 
^wntUj  which  baTe  fitUen  for  each  determinate  wind. 

This  tnetnunent  is  composed,  1st,  Of  a  ftumel  movable  round  a  vertical 
axis,  covered  at  Its  upper  iMurt,  and  carrying,  at  its  lower  extronity,  an 
If  im-tnbe,  the  axis  or  which  is  in  the  same  Tertical  plane  with  the  axis  of 
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Place  two  plnviometen,  one  on  the  roof  of  ft  boildii^ 
and  the  other  on  the  level  of  the  ^roand,  as  is  done  at  the 
Paris  Observator}' ;  the  same  quantity  of  rain  will  rarely  be 
found  in  both  instruments ;  in  general^  it  will  not  be  so  great 
above.  The  effect  is  especially  rema^able  when  the  air  is 
moist  and  agitata  in  the  neignbourhood  of  the  ground :  it 
is  probable  that  the  wind  takes  away  the  drops  of  niB 
which  rebound,  and  drives  them  into  the  jiluviometer,  as 
we  sec  snow  accumulate  at  certain  points.  It  is  also  admitted 
that  the  drops  increase  by  the  vapour  of  water,  which  is 
added  to  them  in  the  height  which  separates  the  ground  firam 
the  roof  of  the  building.* 

The  water  which  nils  from  the  higher  rq^ions  of  the 
atmosphere  is  generally  in  the  state  of  snow  or  rain.  How- 
ever, even  in  the  midst  of  summer,  it  sometimes  fidls  in  the 
form  of  hail.  In  winter,  firosen  drops  of  rain  are  observedi 
which  are  composed  of  pure  ice,  especially  when,  after  ft 
rigorous  and  continued  frost,  the  south  winds  heat  the  higher 
regions  of  the  atmosphere.  Drops  of  rain  are  then  formed, 
which  congeal  before  they  reach  the  ground ;  however,  the 
water  frequently  arrives  m  a  liquid  state,  but  it  frecsKS  oa 


rotation,  and  with  a  rane  fixed  on  the  very  body  of  the  ftinnel ;  to  ttMk  tte 
escape  of  water,  acciuntdated  there,  takes  plafce  In  a  dfavetion  iiiiiiiHiS|f 
parallel  with  that  of  the  wind:  2d,  Of  a  cylindrical  reeepttole  dhidad ^ 
eight  Tertical  partiticma,  radiating  into  eight  chambers,  aiul  correspondiBC 
to  the  eight  principal  points  of  the  compass.  This  receptacle  Is  in  the  eotest 
duly  adjusted,  and  solidly  fixed  on  a  base  at  the  bottom  of  each  of  the  dl^ 
sions,  by  a  tube  which  ascends  verticaUy  outside  the  receptacle,  and  on 
which  the  height  of  the  water  in  the  corresponding  cell  is  obeerred. 

A  udometer  of  this  kind  has  been  used,  since  the  oommenecmeDt  of  IS41» 
at  the  naval  battcrj-  at  Toulon ;  and  it  leaves  nothing  to  be  desired. — ^If. 

*  The  pluviometer  of  the  terrace  of  the  Paris  Observatory  is  elevated 
twenty-seven  metres  above  that  in  the  court.  From  1417  to  18S7  there 
ftil,  at  a  mean,  fifty-sevra  centimetres  of  nin  in  the  cocart,  and  only  flftj 
centimetres  on  the  terrace.  (Fide  AaAoo,  Ann.  dm  Bureau  det  Lomjitrndft, 
for  1824  ;  and  Pocillet,  Eiiment$  de  Pkusique,  t.  ii.  p  579.) 

The  quantity  of  rain  which  falls  ui  the  upper  pluviometer  being  1» 
M.  ScHorw  finds  the  following  numbers  for  that  which  fills  in  the  lower 
pluviometer : — 


TOWNS. 

DiFTBasitcx  or 

LEVEL. 

LOWEB  PLUTIO- 
MXTXm. 

Copenhagen     .    .    . 

York 

London    

Paris 

Penzance     .... 
Pavia 

m 
39,0 
65,0 
23.0 
27,0 
14.0 
17,6 

1,27 
1.72 
1.29 

1,11 

1.51 
1.01 

(ScHOUw,  Otnui  drVItatie,  p.  134.)— M. 
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iHHhiiurthe  earth,  which  it  ooven  with  a  ooat  of  ice  called 
iIm.  These  two  pheDomeiia  generally  coincide  with  a  very 
km  barometer,  and  th^  announce  thaw. 

Wlien  the  tempentaie  of  the  air  is  near  the  freezing- 
fiiaty  or  lower,  mow  generally  fidls;  but  the  lower  the  tern- 
ntore  of  the  air  is,  and  the  less  vaponr  of  water  it  containa, 
m  more  does  the  qnantity  of  snow  dnniniah.  With  a  cold  of 
•-90^,  we  ean  seamly  conceive  that  moze  than  four  or  five 
Sitiimtws  would  &U ;  however,  I  saw  it  snow  continuously 
SB  Jarnmy  18,  1888,  during  a  cold  of  —18,02;  but  the 
lakes,  or  mther  the  grsins,  were  very  small.* 

ramMM  or  nujucss  or  snow.— If  flakes  of  snow 
SM  neeived  on  objects  of  a  dark  colour,  and  at  a  tempera- 
tme  bdow  tiie  fieesing  point,  a  great  r^^plarity  is  ob- 
served In  their  fonns :  this  has,  finr  a  lon^  tune,  struck  at- 
tentive etarvers.  Kepter  speaks  of  then:  structure  with 
admimthiny  and  other  j^osophers  have  endeavoured  to 
deteiiMiis  ili  cause ;  but  it  is  only  within  the  period  in  which 
we  liave  learned  to  know  the  laws  of  aystallisation  in 
general,  that  it  has  been  possible  to  throw  any  light  on  the 
snineet* 

Ttm  nfileenles  of  almost  all  bodies  that  pass  from  the 
limiid  to  the  solid  state  have  the  property  of  groujpnff  them- 
■ttvea,  so  as  to  form  solids  terminated  by  plimes  mcBncd  to 
eadi  oilier  by  a  cmstant  angular  quantify.  The  number  of 
the  fteeta,  and  the  value  of  the  angles,  vary  in  bodies  whose 
elifmical  composition  is  different,  but  are  constant  in  those 
whose  *i**Ainiftftl  composition  is  the  same,  and  which  are 
temed  mder  the  ssme  circumstances.  These  r^ular  solids 
are  named  ctyHals,  and  we  may,  as  it  were,  assist  them  in 
Hieir  fimoation.  Four  water  on  sea-salt  (chloride  of  sodium) 
antfl  all  the  salt  is  dissolved,  and  put  the  solution  into  a 
liot  place ;  a  part  of  the  water  will  evaporate,  and,  not  being 
aUe  to  hold  in  solution  the  moleeules  of  salt,  they  will  be 
depoMtcd,  forming  small  masses  of  a  cubical  form.  Take 
one  of  these  crystels,  remove  one  of  the  edges  by  which  it 
is  terminated,  siid  place  it  again  in  the  somtion,  and  you 
will  see  this  edge  reproduced  at  the  same  time  that  the 
crystal  increases  in  volume.  Each  time  that  the  experi- 
ment is  made  under  similar  drcnmstances,  the  cirstals  will 
be  cubical ;  but,  if  you  heat  the  solution,  or  if  you  mix 
with  it  a  foreign  substance,  the  crystals  will  have  a  differ- 

•  In  the  morning  of  the  lit  of  Dooember,  1838,  tbt  obtonren  at  Boselcop 
(Lapland)  saw  now  fall  with  a  tempentor*  of  —VTfi.  On  the  erening  of 
iba  aame  day  there  waa  an  abondant  Sdl  of  ■kow,  with  tenperaturea  of 
••ir^  and -18*,I.    This  aiow  waa  Terj  fine.-  " 
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ent  form ;  their  edges  will  be  replaced  by  plane  sorfaeeiy 
which,  by  uniting,  will  sometiiiies  entirely  dSignise  the  mx 
primitive  faces.  The  forms  of  crystals  may  alwmys  in  labo- 
ratories be  made  to  vary.  Nature  also  offers  to  us  the  moit 
varied  arransements,  but  all  relating  to  a  single  primitiYe 
form,  of  which  they  are  only  a  variety.  The  temperature^ 
the  concentration  of  the  solution,  the  vicinity  ox  another 
body,  are  sufficient  disturbing  drcumstanoes.  In  the  pre- 
ceding example,  the  crystallisation  took  place  because,  one 
part  of  the  water  having  eva^ratedf  the  remaining  portion 
could  no  longer  hold  the  salt  m  solution. 

In  fusing  certain  bodies,  and  aUowing  than  to  cool,  the 
same  phenomena  are  observed.  Melt  sulphur  in  an  eaithm 
pot^  and  then  remove  it  from  the  fire,  the  liquid  man  will 
soon  be  covered  with  a  solid  crust ;  break  this,  and  poor  off 
through  the  opening  the  sulphur  that  still  ronains  liquiii 
you  will  then  see  that  the  vessel  is  coated  with  a  solid  onHt 
of  sulphur,  the  interior  of  which  is  studded  with  Ttgaku 
acicular  cr^^stals.  As  soon  as  the  mass  is  solidified  by  cool- 
ing, the  smallest  molecules  are  regularly  arranged ;  but  if 
the  entire  mass  is  allowed  completely  to  solidify,  the  cryi- 
tals  would  be  so  confounded  that  a  body  of  crystalline  tex- 
ture would  be  obtained,  but  not  a  single  crystal :  the  same 
occurs  in  rolls  of  brimstone.  On  the  contrary,  by  letting 
the  sulphur,  which  separates  the  crystals  alrndy  formec^ 
flow  out  while  still  liquid,  the  latter  remain  separate  and 
become  visible. 

Water  presents  a  phenomenon  analogous  to  thai  of  sul- 
phur; it  crystallises  under  the  influence  of  cold  alone. 
However,  on  examining  the  ice  of  rivers,  we  do  not  discover 
the  smallest  trace  of  crystals ;  it  is  a  confused  mass,  like  that 
of  the  rolls  of  brimstone.  But  if  the  progress  of  crystallisa- 
tion is  followed  on  the  banks  of  a  river,  needles  are  seen  to 
dart  from  the  bank,  or  rather  from  the  ice  already  formed, 
and  to  advance  parallel  to  each  other,  or  making  ansles 
with  each  other  of  from  thirty  to  sixty  degrees.  OUier 
needles  dart  frt)m  these  at  the  above  angles,  and  so  on  until 
a  compact  uniform  mass  is  the  result  of  their  interlacing. 
If  a  sheet  of  ice  thus  formed  is  raised,  very  regular  crystalB 
are  often  discovered  on  its  lower  surface.  Similar  phe- 
nomena are  observed  in  winter  on  panes  of  glass.  The 
secondary  crystals  are  seen  to  make  a  constant  ansle  with 
the  cr}'stals,  which  serve  as  a  common  axis;  and  if  the 
glass  were  a  perfect  plane,  very  regular  figures  would  be 
seen.  They  occur  sometimes  when  the  pane  of  glass  is  very 
thin.    The  air  of  the  room  is  moist,  then  each  scratch,  eacn 
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grain  of  dust,  becomes  the  eentre  of  a  crystallme  formation; 
aad,  by  radiating  in  sU  directions,  these  erystali  form  a 
net-work,  which  excites  admiration  hj  its  Bstonisbing  com- 
plication. 

The  crystals  of  iee  are  never  so  regular  as  when  they 
sre  formed  by  the  vajwur  of  water  deposited  on  solid  bodies, 
aa  hoar-frost,  which  is  precinitated  in  still  weather  with  a 
moist  air,  or  when  snow  falls  without  being  driven  by  the 
irind ;  bnt  temperature,  moisture,  the  agitation  of  the  air, 
mnd  other  circumstances,  have  a  great  mfluence  over  the 
form  of  the  crystals.  Notwithstanding  their  variety,  they 
mar  he  all  associated  under  a  single  law.  We  sec  that 
isoUted  crystals  unite  under  angles  of  30,  60,  and  120  de- 
rreee.  Flakes,  which  fall  at  the  same  time,  have  generally 
Uie  same  form ;  bnt,  if  there  is  an  interval  between  two 
oonseentive  falls  of  snow,  the  forms  of  the  second  aie  ob- 
served to  differ  from  those  of  the  first,  although  always 
alike  among  themselves. 

The  English  navigator,  -w.  flcorMbr,  who  made  a  great 
many  voyages  in  the  polar  seas,  as  captain  of  a  whaler,  ha« 

g'ven  the  greatest  number  of  details  on  this  subject.  He 
IS  described  the  different  forms  of  snow,  in  his  excellent 
work  on  the  North.  They  may  be  associated  under  five 
principal  types :  1st,  thin  laminie ;  2d,  a  spherical  nucleus, 
or  phrae,  studded  with  ramified  needles ;  3d,  fine  hexagonal 
needles,  or  prisms ;  4th,  pyramids  with  six  faces ;  Sth,  needles 
terminated  at  one  of  their  extremitiea,  or  at  both,  with  a 
■mall  lamina.  I  will  describe  the  roost  remarkable  varieties 
according  to  Seoraabr. 

Ist.  Cryitols  with  a  laminated  form.  They  are  dii- 
tingnished  by  the  variety  of  forms  which  they  present. 
G^erally,  the  lamina-  arc  very  thin,  transparent,  and  of  a 
very  dehcate  structure.    Several  varietiea  are  distinguished. 

A.  Starred  figures  with  six  ravs  radiating  from  a  centre, 
and  frequently  studded  with  parallel  points,  so  arranged  as 
to  be  in  the  same  plane  with  the  rays.  According  to 
Seoreaby,  this  form  is  often  observed  when  the  thermo- 
BKler  is  near  the  freezing  point  (n\.  iv.Jigi.  I  and  2).* 

B.  Itegular  hexacdrons.  Ibey  are  observed  durin;; 
moderate  cold,  and  with  very  low  temperatures.  The  colder 
it  is,  the  thinner,  the  smaller,  and  the  more  delicate  they 
■re.     Some  are  a  simple  transpareut  lamina  (pi.  n-fig-  3). 
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In  others,  white  lines  9ie  seen  in  the  interior  of  their  peri- 
meter, which  in  their  turn  form  little  hexaSdrons  or  analo- 
gous figures.  The  most  varied  forms  resolt  from  these 
combinatious  (vide  pi.  iv.^«.  4,  5,  6,  7,  8,  and  9).  Their 
size  varies  between  that  of  lamime  scaroelj  visible,  and 
others  of  two  or  three-tenths  of  a  millimetre  in  diameter. 
In  looking  sideways  at  one  of  these  lamina*,  I  have  always 
observed  that  little  facets  unite  the  paraUel  faces ;  however, 
they  are  not  visible  without  a  powenul  magnifier.  P^>  1(^ 
represents  the  section  of  a  hezaedral  lamina. 

C.  Combinations  infinitely  varied  of  hexaedral  fignrei  of 
verv  different  sizes.  They  are  observed  during  intenie 
cold  (pi.  iy,Jig9. 11-15). 

D.  Combinations  of  hezaedral  figures,  with  rays  and 
salient  angles.  This  is  one  of  those  forms  which,  aooordiBg 
to  Scoresbj,  vary  the  most,  and  which  present  the  nMMt 
elegant  arrangements  (pi.  iv.  ff9,  16-25).  The  paiaUd 
lines  of  the  figures  appear  white  m  nature. 

2d.  Flakes  with  a  spherical  nucleus,  or  a  plane  with 
rays  ramifying  in  different  planes.  This  form,  according  to 
Scoresby,  comprehends  two  principal  varieties. 

A.  Flakes  composed  of  a  tnin  cr^'stal  of  the  same  kind  is 
those  described  and  fibred.  Small  needles  occasionally 
stud  these  planes  on  aU  sides.  They  are  sometimes  raised 
on  one  face,  at  other  times  on  both.  They  make  an  angle 
of  more  than  sixty  decrees  with  the  plane  of  the  lamina. 
Their  diameter  is  sometimes  five  millimetres.  According  to 
Bcoresby,  they  are  observed  in  temperatures  several  deuces 
below  freezing-point. 

B.  Figures  with  a  spherical  nucleus  studded  with  needles 
tending  in  all  directions.  Sometimes  the  nucleus  is  a  trans- 
parent crystal,  or  a  white  and  unetjual  body.  I  have,  how- 
ever, convinced  myself,  by  examming  this  form  under  a 
considerable  magnif^nng  power,  that  the  nucleus  is  al¥rays 
cr^'stallised.  This,  moreover,  is  veiy  easily  verified  when 
the  crystallisation  is  not  made  according  to  tne  three  dimen- 
sions, and  when  the  nucleus  only  cames  six  rays  arranged 
in  the  same  plane.  A  vertical  section  of  a  crystal  of  Uiis 
kind  is  figured  in  pi.  ly.Jig.  26. 

3d.  Fine  hexagonal  needles  or  prisms.  They  are  some- 
times very  slender,  and  with  a  crystalline  appearance,  or 
even  white  and  shapeless.  The  most  delicate  varieties, 
wliich  resemble  a  white  hair  five  millimetres  long,  are  so 
fine  that  it  is  no  easy  matter  to  determine  their  form. 
These  crystals  are  not  always  hcxaSdral,  but  often  with 
merely  tliree  faces. 
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4lh.  acoMfcy  only  once  nw  pyramidi  with  six  laces 


(pL  IT.  jfr.  an. 

Mh.  NeedleRor  piiaiiiB,  one  or  both  extremities  of  which 
any  polyhedral  lamiiiB  of  six  sides,  are  ako  very  rare. 
Hm  mne  nrnvigator  only  observed  them  twice;  but  they 
fell  in  inch  abandttioe  that  his  ship  was  in  a  few  hours 
wvered  ivith  serenl  centimetres  of  snow  (pi.  it.  Jigs.  28 


Hate  IT.  is  a  copy  of  the  most  remarkable  forms  ob> 

red  by  Bwrwrtf.  The  total  number  of  those  seen  by 
Urn  amoimt  to  ninety-six.  Yet,  I  have  met  with  at  least 
tmnlj,  that  he  has  not  figured ;  but  I  never  found  a  single 
cnemwhicfa  ibe  crystals  were  in  planes  perpendicular  to 
aadi  otibcr.  The  varieties  probably  amount  to  several  hun- 
dveda.  Who  would  not  here  adnure  the  infinite  power  of 
Natara.  ^ddeh  has  known  how  to  create  so  many  different 
fimia  m  bodies  of  so  small  a  bulk ! 

It  is  daring  calm  weather  without  fog  that  they  may  be 
•Jmiiad  in  all  their  beauty.  In  hoar-fi^st,  the  crvstals  are 
generally  irregular  and  opa^(ue;  and  it  seems  that  great 
nnmben  of  vesicles  are  solidified  at  their  surface  with- 
out having  had  time  to  unite  intimately  with  the  crystalline 
molecnlfs.  During  wind,  the  crystals  are  broken  and  irre- 
gular ;  rounded  grains  are  then  found  composed  of  unequal 
ngrs.  In  the  Alps,  and  in  Germanv,  I  have  often  seen  pcr- 
fiwdy  symmetrical  crystals  fall.  Should  the  wind  rise  they 
Ineome  grains  of  the  size  of  millet  or  small  peas,  whose 
rtractaxe  is  any  thing  but  compact ;  or  even  bodies  having 
the  fonn  of  a  pyramic^  the  base  of  which  is  a  spherical  cup. 
Hmk  bodies  might  be  compared  to  sleet;  yet  they  arc 
formed  under  the  influence  of  the  same  meteorological  cir- 
cmoBtances  as  the  flakes  which  foil  before  sales  of  wind. 
I  will  return  to  this  subject  when  treating  on  nail. 

SHOWBRS  'wmovT  ciiOUDS. — When  the  sky  is 
Mxene,  and  the  cold  intense,  numerous  brilliant  particles 
are  often  observed  in  the  air ;  these  are  little  flakes  of  snow, 
which  reflect  the  rays  of  the  sun.  They  form  in  the  midst 
cf  the  vapours  that  are  rising  from  the  ground,  and  often 
fon  in  BO  £[reat  a  q^oantity  that  they  entirely  cover  the 
iproond.  This  formation  of  snow  without  clouds  only  occurs 
in  calm  weather.  When  the  equilibrium  of  the  higher 
r^ions  is  violently  disturbed,  especially  when  very  cold 
north  winds  come  mto  collision  with  those  from  the  south, 
it  may  also  happen  ^t  rain  falls  from  a  serene  sky.  Large 
drops  are  seen  to  moisten  the  earth,  and  yet  at  the  zenith 
the  sky  is  blue.    The  vapours  condense  into  water,  without 
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})assing  through  the  intermediate  state  of  Tcsicolar  vapcnirB. 
M.  de  Humboldt  gives  several  examples  of  this  kina,  and 
from  my  own  ohservations,  this  iact  is  not  very  rare,  for 
I  have  observed  it  twice  or  thrice  annually.* 

QUANTITY  OF  IVATBR  ^XTHICH  FAIiUi  DURINO 

A  siNGUB  SHOWXR. — ^Xo  general  rule  can  be  established 
respecting  this.  While  certain  rains  are  reduced  to  a  few 
drops,  in  other  cases  torrents  of  water  fall  from  the  sky. 
These  deluging  rains  are  more  particularly  obeeired  withm 
the  tropics.  Thus  M.  de  Humboldt  saw,  on  the  banks  of 
Kio- Negro,  a  quantity  of  water  fall  in  five  honn  eooal  to 
forty -seven  millimetres.  Almost  the  same  Quantity  &11  eveiy 
da^\  At  Bombay,  it  has  been  proved  tnat  the  earth  re- 
ceives in  a  day  108  millimetres  of  rain.  At  Cayenne,  Ad- 
miral Roussin  found  that  the  quantity  of  water  collected 
from  eight  o'clock  in  the  evening  till  six  in  the  moming^ 
was  0°>,277.  In  the  higher  latitudes,  less  water  falls  in  a 
given  space  of  time ;  and  when  the  quantity  which  fidls  per 
day  exceeds  three  centimetres,  the  low  plains  of  Europe 
are  soon  inundated.  Prodigious  showers  are,  however,  re- 
corded. At  Joyeuse,  there  one  day  fell  twenty-five  oenti- 
nietrcs  of  water;  at  Genes,  in  the  same  space  of  time, 
eighty-one  centimetres ;  at  Geneva,  in  three  hours,  sixteen 
centimetres.  In  mountainous  countries  these  showers  are 
not  so  rare,  because  the  winds  frequently  blow  with  vio- 
lence in  several  contrary  directions.! 

RAINS  iviTHiN  THB  TROPICS.  — The  freouencT 
of  rains  in  different  seasons  is  so  intimately  connected  with 
other  conditions  of  climate,  that  the  earth  mav  in  this  re- 
spect be  divided  into  several  regions.    Let  us  nrst  consider 

*  The  following  are  insUaces :— Aug.  9,  1837,  M.  WAmniAinr  mw  » 
shower  fall  at  Genera,  which  luted  two  or  three  minutes ;  the  sky  was 
cloudlets.  M.  DB  Nevku  was  in  a  shower  at  Constantinople,  for  ten  minntca; 
the  sky  was  perfectly  serene.  M.  Babixkt  obeenred  the  same  fdienomenoa 
at  Paris.  Fbially,  according  to  Lz  Gentil,  it  would  appear  that  this  pheno- 
menon is  common  in  the  island  of  liauritius.  In  the  seasons  of  8.E.  winds 
fine  rain  is  often  seen,  he  says,  to  Call  e^ecially  about  evening,  ahlMogh  It 
is  the  iinest  weather  in  the  world,  and  the  stars  are  shining  briiUantly. 
(Vide  Compttt  rendus  de  rAeeuUmie  4et  Sciences,  t.  v.  p.  549 ;  t.  xiL  p.  777  ; 
t.  xiv.  p.  16ft ;  and  t.  xi.  p.  327).— M. 

t  The  following  are  some  more  recent  examples  of  deluging  rains  >— June 
4,  1H39,  a  rain  fell,  which,  says  M.  Qustelst,  was  only  very  heaTT  for  three 
huur».  112<*«,78  of  water  were  collected  on  the  terrace  of  the  Oheerratory 
of  Brussels,  in  twenty-four  hours.  Prom  1S33-8  inclusiTe,  never  more  than 
■'}U,">">3  of  water  had  been  known  to  fall  at  Brussels  in  twenty-four  hoars. 

In  the  barin  of  the  Smbnt  there  exists  a  little  town  called  Cuiseaux, 
whore  it  always  rains  more  than  In  any  other  part  of  the  valley.  Thus,  lm> 
mediately  before  the  terrible  inundations  of  1841,  there  fell  270'»  of  water 
in  sixty-eight  hours.  In  the  same  interval  only  100«*  feU  at  Oullina,  near 
Lyons*.  {CamptCM  rendus dc  rAcadhnie  dcs  ScieneeSy  X.  viii.  p.  980,  1839 ;  U  xll. 
|..  J'JO.  IMI.)— M. 
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•itiurted  within  the  tropics,  because  a  much  greater 
Kgnfaurit^  is  obsenred  there  than  in  our  own  climates. 

In  all  pkoa  where  the  trade- wind  blows  constantly  sea- 
wvd,  it  does  not  rain;  the  sky  is  always  serene,  especially 
when  the  ami  ia  in  the  other  hemisphere ;  but  it  often  rains 
h  tbe  region  of  eahns.  The  ascending  current  draws  with 
ik  a  hmm  of  t^nnui,  which  condense  as  soon  as  they  arrive 
aft  the  Ime  of  junction  between  the  upper  and  lower  trade- 
wind.  The  ton  almost  always  rises  m  a  clear  sky ;  toward 
■id  diy,  iidated  clouds  appear,  which  pour  out  prodigious 
WMBtlfVa  of  nioL  These  showers  are  accompanied  with 
TMcBt  nlca.  Towards  eveiung  the  clouds  dissipate,  and 
what  the  ami  sets  the  sky  is  perfectly  clear.  Thus  the 
of  ahr  diseliam  the  water  they  contain,  into  the  yery 
fam  which  uiey  rise ;  and  hence  arises  the  absence 
i  m  eonntriea  more  distant  fr<»n  the  equator,  where 
the  cut  wfad  regularly  blows. 

On  shon^  between  the  tropics,  we  find  during  a  part  of 
the  year  diitarbanoes  in  the  direction  of  the  trade- winds ; 
and  the  year  is  divided  into  two  seasons, — ^the  wet  and  the 
dry  aeaaoiL  Europeans  have  found  this  climacteric  division 
adiopted  by  all  indigenous  people,  and  it  is  the  more  charac- 
leristie,  aa  entire  months  frequently  pass  away  during  tbe 
diy  laiioni  without  a  single  cloud  haying  been  seen  in  the 

afcgr. 

Kotwithatanding  local  differences  a  great  regularity  is 
ercrr  where  observed  in  the  succession  of  phenomena,  but 
I  wiu  content  myself  with  pointing  them  out  according  to 
1£  4m  Hwholdty  inasmuch  as  his  researches  have  thrown 
a  hiidbt  light  on  the  causes  of  the  variations  that  are  ob- 
aenrcdin  our  dimates. 

"La  the  part  of  South  America  situated  on  the  north  of 
the  equator,  the  sky  is  perfectly  serene  from  December  to 
Febroaiy ;  the  wind  blows  iVom  the  £.  or  E.N.E. ;  the  air 
IB  diy,  and  vegetation  is  leafless.  Toward  the  end  of  Feb- 
maiTf  and  at  Uie  commencement  of  March,  the  blue  of  the 
aky  beconea  deeper,  the  hygrometer  denotes  more  moisture 
in  the  air,  and  the  leaves  of  the  trees  beffin  to  burst  forth. 
A  alMit  curtain  of  vapour  dulls  the  twinkling  of  the  stars, 
whieh  IB  dense  towara  the  zenith,  where  it  is  sometimes 
TinUe.  The  trade-wind  blows  less  violently,  and  the  air  is 
occasionally  entirely  cahn.    Clouds  resembling  mountains 

"ually  collect  in  the  S.S.E.,  and  sometimes  traverse  the 
with  incredible  velocity.    Toward  the  end  of  March, 

itnings  shine  in  the  heavens  at  the  south ;  and  the  wind 
for  aeveral  hours  to  the  W.  and  W.S.W.    The  atmo- 
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Spheric  electricity  becomes  stronger,  espediUy  at  san-tet; 
and  this  is  a  certain  sign  of  the  approach  of  the  rainj  aeaaoo, 
which,  on  ihe  banks  of  the  Oronoko,  begins  at  tlie  end  of 
ApHl.  The  sky  is  troubled,  and,  from  its  former  bfaw,  be- 
comes grey,  ii  the  afternoon,  at  the  moment  when  the 
heat  is  at  its  maztfnaan,  a  storm,  accompanied  by  heavy 
showers,  rises  in  the  plains.  At  the  commencement,  tlie 
clouds  and  rain  are  only  formed  during  the  burainghoiiiB 
of  the  afternoon,  and  disappear  toward  evening.  But  in 
proportion  as  the  ceason  advances,  especially  when  the  sim 
IS  at  the  zenith,  they  both  commence  being  manifest  in  the 
morning,  but  at  tbie  end  of  the  season  they  again  appear  in 
theaft^oon. 

In  many  countries,  the  niffht  is  almost  always  seroie;  in 
others,  it  rains  in  the  night  uso,  and  even  more  ao  than  in 
the  day ;  but  it  is  probable  that  this  dijOScrenoe  is  due  to  tibe 
neighbourhood  of  large  chains  of  mountains.  M.  »p— la 
vanit  determined  this  on  the  table-lands  and  in  the  Talk]^ 
of  the  Andes,  at  Peru;*  L^yall^  at  Madagascar;  Admiial 
Rousstn,  at  Cayenne.  Other  travellers  have  oonfiimed 
these  facts  by  isolated  observations. 

All  these  phenomena  tend  to  prove  that  the  ascending 
current,  which  is,  for  the  most  part,  very  strong  in  the  place 
that  has  the  sun  in  its  zenith,  causes  a  disturbance  in  the 
atmosphere.  lieoce  there  is  first  the  scintillation  of  the 
stars,  and  then  a  change  in  the  direction  of  the  winds.  The 
evaporation  of  the  water  that  falls  over  night  so  satniatea 
the  air  with  vapours,  that^  even  in  Africa,  cloaks,  shoes,  in 
a  word,  all  things  which  are  not  placed  near  the  fire,  be- 
come moist ;  ancf  the  inhabitants  live  in  a  kind  of  perpetual 
vapour-bath.  This  is  the  epoch  of  the  endemic  dweasea  ao 
fatal  to  Europeans.  In  Africa,  the  approach  of  the  runy 
season  is  also  announced  by  changes  in  the  direction  of  tlie 
winds. 

These  rains  being  a  consequence  of  the  ascending  cor* 
ronts,  the  place  where  they  fall  changes  with  the  declina- 
tion of  the  sun,  the  presence  of  which  determines  the  cur- 

*  In  the  neighboiuiiood  of  the  gold  mines  of  Mumarto,  Ut.  5"  S7' N.; 
long.  5k  !!■  W.,  abaolute  elcTstion  1426  metres,  mean  tempermtore  10*,  4, 
this  philoaopher  obtained  the  following  results  :-< 

HklX  IX  MILLllUnUES. 

18'i7. 

i>ay.  Night. 

October     .    .    .    34»-  151mi 

November  .    .    .     18    ,,  20H    „ 

December       .    .      2    „  IM    ,» 

(Vide  (Umtptii  remdm  dr  rAcmi.  4c*  Scienca,  t.  U.  p.  109.  1896.)— M. 


nnt    la  Africa,  for  euinple,  new  the  equator,  the  Maion 
of  laln  commences  as  early  u  April.    Between  lCr>  of  N. 


lat.  and  the  tropics,  principally  in  the  conntries  watered  by 
the  Sen^ial,  it  lasts  from  toe  commencement  of  June  to  die 
eommencement  of  November.  It  is  the  same  in  the  interior 
tf  eountrie9,as  may  be  seen  by  the  recitals  of  Mnaco  tark, 
m>i>iiam.  Bromu,  Brace,  and  others.  In  like  manner,  at 
fanama,  on  the  western  coast  of  America,  the  tain  com- 
mence* in  the  early  days  of  March ;  and  at  San-Blaa,  in  Ca- 
lifornia, it  raicly  rains  before  the  middle  of  Jone.  Aa  the 
flon  panes  twice  nvei  the  zenith  of  each  place,  we  find  that 
in  those  which  are  near  to  the  tropics  a  very  considerable 
quantity  of  rain  falls  twice  a-yeor,  and  at  very  near  inter- 
Tsls.  In  countries  situated  near  the  eqnator,  where  the 
times  of  the  passage  of  the  zenith  are  separated  by  a  longer 
interval,  there  are  two  rainy  and  two  drv  aeaeoaa. 

The  northern  limit  of  these  periodical  rains  is  not  exactlj' 
known.  At  Uavanna,  in  the  island  of  Cuba,  and  It  Bio  de 
Janeiro,  climacteric  conditions  hare  been  noticed,  which  have 
•ome  analogy  with  those  of  high  latitudes.  In  the  desert  of 
Sahara  the  limit  appears  to  be  about  16°  of  N.  lat.,  but  on 
the  two  seas  that  wash  the  coast  of  Airiea  it  is  some  decrees 
more  Dortherlv. 

In  India,  the  altentation  of  seasons,  compared  with  that 
existing  between  the  tropics,  is  no  less  anomalous  than  the 
direction  of  the  winds.  The  west  coast  of  this  peninsula  haa 
its  season  of  rains  during  the  S.W.  monsoon ;  whilst  its  dry 
•eason  prevails  during  the  N.E.  monsoon.  When  the  wind 
that  blows  from  the  S.W.  is  forced  to  ascend  along  the  flanks 
of  the  Ghauts,  the  vapours  condense  on  their  summits,  and 
there  are  violent  storms  almost  every  day.  In  the  interior 
of  the  country  the  rains  arc  rare,  and  on  the  eastern  coast 
the  sky  is  serene.  The  rains  are  most  abundant  in  July. 
During  the  N.E.  monsoon  the  same  succession  is  noticed  on 
the  coast  of  Coromandel ;  but  the  mountains  not  being  so 
■teep,  the  rains  are  not  so  heavy.  During  this  time,  the  sky 
is  perfectly  serene  on  the  west  coast.  The  table-laud  of  the 
Deccan  partakes  in  the  climate  of  the  two  coasts.  The  dis- 
tribntion  of  rain,  during  the  seasons,  depends  on  the  distance 
<tf  the  different  poinis  from  the  sea.  According  aa  they  are 
nearer  the  western  or  the  eastern  coasts,  the  course  of  the 
seasons  ia  analogous  to  that  of  the  correspondine  coast. 
Some  places,  situated  to  the  middle  of  the  peninsula,  have 
partial  rains  throughout  the  year ;  or  else  they  have  two 
mtaaima  in  the  year. 

The  quantity  of  water  that  falls  in  thcM  o 
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rin^  the  space  of  each  month,  is  more  considenble  than  that 
of  tne  whole  year  with  us.  In  places  situated  near  the  sea, 
we  may  admit  that  from  190  to  320  centimetres  of  water  fidl 
during  the  year.  Let  us  add  that  it  never  rains  but  in  oer« 
tain  months,  and  only  during  one  or  two  hours  of  the  day, 
which  renders  the  contrast  stul  more  striking.  The  dnqps  of 
water  are  enormous,  very  close  together,  and  reach  the  earth 
with  great  violence.  But  if  we  penetrate  into  the  interior 
of  countries,  or  ascend  considerable  heights,  the  quantity  of 
rain  diminishes.  At  Seringapatam,  in  Cidia,  and  at  BoMiCii 
in  America,  it  is  hardly  greater  than  that  obeerved  in  Ger^ 
many. 

RAINS  IN  HIGHER  LATmiDSB. — ^The  periodicity 
of  rain  disappears  as  we  go  further  from  the  equator.  Yet 
we  are  in  want  of  certain  facts  in  order  to  determine,  in  a 
positive  manner,  the  transition  from  one  system  of  dimile 
to  another.  While,  between  the  tropics,  the  greatest  quan- 
tities of  rain  fall  when  the  sun  is  at  the  senith,  that  is  to 
say,  in  a  season  corresponding  to  our  summer;  north  of  the 
tropics,  it  rains  more  abundantly  in  winter.  If  we  designate 
the  annual  quantity  of  rain  by  100,  we  have,  for  the  few 
places  hitherto  observed : — 

BELATIVE  QUANTrriES  OF  BAIN  TS  THE  JilFTBMXHT  SBASORS. 


MADEIRA. 

LISBON. 

MAFBA. 

Winter     . 
Spring 
Simimer   . 
Autumn   . 

50,6 
16,3 

2,8 
30,8 

39,9 

33,9 

3,4 

22,8 

53,4 

27,5 

2,7 

16,4 

So  that,  under  this  parallel,  it  rains  most  in  winter,  and 
the  Quantity  of  rain  that  falls  in  summer  is  altogether  in- 
si^incant.  The  same  relation  is  found  on  the  N.W.  coast 
of  Africa,  and  in  the  Canary  Isles.  This  contrast  between 
climates  situated  on  the  two  sides  of  the  trade-winds  is 
very  remarkable ;  it  is  a  sudden,  not  a  gradual  transition,  as 
might,  d  priori,  be  imagined.  I  insist  on  this  fact,  to  shew 
how  mucn  it  is  in  contradiction  to  the  assertions  hazarded  by 
ancient  meteorologists. 

This  sudden  change  is  easily  deduced,  from  what  I  have 
said  in  general  of  the  precipitation  of  acjueous  vapoura.  The 
cause  may  most  frequently  be  recognised  in  a  mixture  of 
strata  of  air  of  unequal  temperatures.    Now,  variable  winds 
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often  bring  about  this  conflict.  In  suniniLT,  tlic  regular  cnst 
wind  exttiids  as  far  as  tlie  coast  ol'  Portugal  (p,  47). 
Hence,  there  aru  Ium  iii3tiirbanc<;s  in  the  niuilibrium  of  tli<i 
Imanihere.  The  formation  of  clouds  is  then  much  more 
Be  iBMi  daring  the  variable  winds  of  winter. 

mAiNY  vriNDS  IN  EUROPE.— On  collecting  all  that 
iiknowa  in  the  diftcrctit  climates  of  Europe,  we  are  led  to 
■tablisb  three  bvetograpbic  regions:  Ist,  that  of  England 
ind  the  wert  of  f'rance,  wbicli  extends  in  a  modified  form 
en  into  the  interior  of  the  Continent :  2d,  that  of  Sweden 
d  Finland;  3d,  that  of  the  coasts  of  the  Mediterranean. 
The  limits  of  these  regions  are  not  alwaj^s  rigorously  de- 
fined ;  thej  are  not  clearly  recognised,  except  in  points 
irhere  they  are  marked  by  great  chains  of  mountains.  Every 
where  else  the  transitions  ore  found  to  be  very  orderly.  The 
differences  of  these  three  groups  consist  in  the  different  di- 
rection of  the  rainy  winds,  and  of  the  distribution  of  the 
quantity  of  water  which  falls  each  year. 

Let  us  consider  the  part  of  Europe  north  of  the  Alps 
ind  the  I^rrenees;  the  predominance  of  west  winds,  a  vast 
ooean  on  one  side,  a  great  continent  on  the  other,  are  the  de- 
termining dreumstanccs  of  the  distribution  of  runs.  If  the 
K.B.  wind  always  prevailed,  even  at  a  considerable  height, 
it  would  never  rain ;  for  it  passes  over  lands  before  arriving 
at  the  low  latitudes,  where  the  elevation  of  temperature  re- 
move* the  vapours  from  their  point  of  condensation.  If  the 
S.W.  wind,  on  the  contrarj-,  blew  without  ceasing,  it  would 
always  rain  ;  for,  as  soon  as  the  moiat  air  gets  cool,  the  va- 
pour of  water  is  precipitated.  In  spite  of  their  alternations, 
these  winds  always  preserve  their  relative  character.  If  we 
inquire,  with  Al.  de  Bach,  how  many  times  each  wind  brings 
rain,  these  results  become  evident.  In  100  showers,  which 
fell  at  BerlLo,  the  different  winds  blew  in  the  following  pro- 
portions : — 

4,1  4,0  4,9  4^9'  I0J2  32,8  24,8  14,4 
Thus,  scarcely  any  rain  fell  with  the  N.E.  wind,  whilst  at 
Icaat  half  are  brought  by  the  W.  and  S.W.  winds.  But  the 
winds  do  not  all  blow  an  e4]ual  number  of  times  in  the 
coarse  of  the  year.  The  number  of  limes  that  each  wind 
has  blown  must,  therefore,  be  divided  by  the  number  cor- 
responding to  each  wind  in  the  preceding  table.  We  then 
obuin  the  following  numbers : — 

1         8,8       6,9       3,8         2,S        4,2  4,3 
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The  kw  is  alwmys  the  aune:  ooft  of  nme  Uombm,  lAkh  Urn 
east  wind  blows,  it  only  tbiob  onee;  whilst  it  rnw  onee  k 
three  times  daring  the  S.W.  wind.  Hie  inflnffsioe  of  somow 
is  also  recognised.  Whilst  it  fivqnentbr  xvu  in  winter  dn* 
ring  £.  or  N.  winds,  these  same  winoi  arc  abnoat  afanyt 
dry  in  summer.  This  fact  aooords  very  wdl  with  what  we 
have  said  on  the  relative  hmnidity  of  the  diflbtnt  wiadi^ 
for  wi^  east  winds  the  air  b  very  diy  in  aonmicr,  but  ^vy 
moist  in  winter. 

Kains  brooght  by  N  JB.  winds,  aie  even  Toy  difcpmft 
from  those  brooght  by  the  S.W.  When  the  %£  wiii 
snddenly  begins  to  blow,  the  tempeiatim  fdla;  lanednfi 
of  rsin  ull  in  abundance  for  several  moments :  theakylhaa 
again  becomes  soene.  InS.W.  winds  the  rain  kw^md 
iMts  a  loi^  time. 

So  the  rains  are  in  genend  due  to  a  coolnjfc  aad  to  At 
predpitationoftheTapoar  brought  by  the  8.W.winliL  la 
high  latitudes,  on  the  c(mtnury,  the  N  JL  winds  ioidan^y 
cool  masses  of  air,  whidi  can  then  no  longer  eontaia  vip 
pours  in  the  elastic  state.  As  these  winds  suooeed  each  other 
with  a  certain  r^;ularity,  which  we  will  treat  of  in  ddal 
in  Barometiy,  there  must  follow  a  very  regular  anceeaiaa 
of  changes  in  the  weather :  on  this  we  will  now  make  a: 
dbservatioos. 

When  the  weather  has  been  fine  for  a  hog  tiaa» 
S.  W.  wind  begins  to  blow  in  the  higher  regions  ot  the  i^ 
mosphere,  drri  make  their  appearance,  and  soon  cover  tiie 
slnr.  Beneath  them  is  formed  a  stratum  of  cioiiiiiKf^  whkk 
allows  a  li^t  rsin  to  escape.  The  wind  turns  to  tlie  wci^ 
the  clouds  oecome  thicker,  the  run  falls  more  abnndanfly^ 
and  the  air  becomes  colder.  With  the  N.  or  N.W.  winl 
the  rain  continues,  although  the  thermometer  iaUs.  Ik  win- 
ter, the  rain  passes  into  the  state  of  snow.  Ifthexiindoei 
not  entirely  cease  with  the  N.  wind,  it  is  not,  however,  eon- 
tinuous;  the  blue  of  the  sky  is  seen  in  the  intervals  iduch 
separate  the  clouds.  Showers  alternate  with  sunshine,  es- 
pecially with  the  N  J:.  wind ;  but  if  the  wind  passes  to  llie 
£.  or  the  S^  the  sky  is  then  covered  with  small  xoonded 
Cloftiili;  or  else  it  becomes  perfectly  serene. 

These  phenomena  succeed  each  other,  in  an  almost  imi* 
form  manner,  over  large  sur&oes.  Mountain  chains  alone 
have  the  power  of  slighUy  modifying  the  succession  ofpho- 
nomena.  If  they  extoid  from  N.  to  §.,  they  arrest  tiie  D.W. 
wind,  and  it  will  rain  more  on  their  western  than  en  their 
eastern  side.  Thus,  the  S.W.  is  not  the  rainy  wind  in  the 
south  of  Germany,  but  the  N. W. ;  because  the  S.W.  winds 
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lote  the  water  with  which  they  are  chai^ged  when  they  ar- 
me  on  the  other  side  of  the  Alps. 

The  same  thing  happens  in  the  Scandinavian  peninsula. 
On  the  W.  side  of  !Norway,  the  rain  falls  for  entire  days 
dnring  S. W.  winds ;  the  summits  of  the  Scandinavian  Alps 
are  covered  with  hoar-frost ;  and  on  the  other  side  of  the 
iduun  only  a  few  drops  disturb  the  serenity  of  the  sky  of 
Sweden.  The  sea-winds  lose  the  moisture  with  which  they 
were  charged  in  traversing  the  large  table-land  that  aepa- 
TBtes  the  two  countries,  so  that  it  rains  more  frequently  in 
Sweden  with  E.  than  with  W.  winds.  The  proof  that  this 
18  not  connected  with  the  vapours  which  rise  n*om  ^e  Bal- 
tic, is,  that  a  similar  relation  is  found  in  Finland.  Where- 
ever  this  region  of  rainy  east  winds  comes  into  contact 
fnth  that  of  the  rainy  west  winds,  it  rains  indifferently  with 
all  winds :  this  is  remarked  at  St.  Petersburg.  We  are  still 
in  want  of  a  sufficient  number  of  observations,  in  order  to 
follow  out  these  laws  into  their  detuk. 

I  leave  the  considerations  of  the  Mediterranean  dlmate 
to  the  end  of  the  following  chapter. 

DISTRIBUTION  OF  RAIN  AMONO  THB  DIFFER- 

BUT  SSA80NS.— If  the  quantity  of  rain  that  falls  in  dif- 
ferent parts  of  Europe  is  measured,  it  is  found  to  be  less, 
other  things  being  equal,  as  we  recede  from  the  sea-shore. 
^Ihns,  on  the  west  coast  of  England,  95  centimetres  fall 
per  year.  On  the  cast  coast,  in  the  interior  of  the  country, 
not  more  than  65  centimetres  fall.  In  passing  over  the 
eoiintry,  the  W.  winds  have  already  discharged  a  large  por- 
tion of  the  water  they  held  in  suspension.  On  the  coasts  of 
Prance  and  Holland,  the  quantity  of  rain  is  68  centimetres ; 
in  the  interior,  65  centimetres ;  in  the  plains  of  Germany, 
54 ;  and  at  Petersburg  and  Buda,  43  and  46  centimetres.* 
We  arrive  at  this  same  result  by  calculating  the  number  of 
rainy  days  in  each  country,  comprising,  un&r  this  denomi- 
nation, all  those  during  which  it  has  rained  little  or  much. 

*  The  mean  annnal  quantity  of  rain  that  fell  at  Paria,  firom  1689  to  1754* 
•eoording  to  M.  AaAOo  {Annuaire  for  1824),  is  466>w.  From  1805  to  1822, 
there  fell  at  Paris,  at  a  mean,  iV08">">  of  water  per  year ;  and  at  London,  from 
1812  to  1827,  633">">,  according  to  Howabd.  Between  1831  and  1841,  thia 
quantity  at  London  was  460«>">  (I/Institu/,  Nor.  10,  1841);  at  Maestricht, 
704>»  between  1823  and  1833  (Cbahat,  Mim.  Acad.  Snu.  t.  x).  In  the  west 
of  France,  the  annual  quvitity  of  rain  is  also  Teiy  oonsidarable :  at  Boor- 
deaux,  Go?*"** ;  at  La  Rochelle,  6.')4"*".  It  is,  however,  less  than  in  the  east ; 
ibrat  Strasbourg,  firom  16  years  of  observations,  681"»ikU  annually;  and 
at  Mnlhouse,  768'».  The  latter  number  was  dedooed  from  a  series  of 
only  six  years.  (T/V/i;  Kaehtz,  Lehrhmch  der  Meteorohgie,  t.  L  pp.  4ft5— 
4ft9.)-M. 
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and  the  west  of  France  tlicrc  are,  at  a  maH^| 
ays  in  the  year ;  in  the  interior  of  France,  147|l 
ns  of  Gerniauy.  141;  at  Buda,  112;  at  Kaaiqil 
the  interior  of  Siberia,  onlv  60.                          M 
y  doe*  less  r^n  fall  in  the  E.  than  in  the  W.  itf 
rope,  but  this  rain  ia  eiifficiently  shared  among 

If                                 mual  quantity  of  rain  by 
11  fij                             amber  lor  that  wliicb  falls 

BTK                             it  KAm  IK  snnoPK,      ^1 

Erk"!* 

of 

«»«iKT 

=■- 

Winler 
Spring 
Siimincr 
Autumn 

19.7 

23,0 

ao,9 

21^ 

26,0       «,. 
30,4        33,3 

19,5 
23,4 
29,4 

■27,3 

18,2 
21,6 
37,1 

23,2 

13,6 
19,« 
36,5 

30,5 

(^Vi<le  Appendix,^.  15.) 

In  spring,  about  the  fiflh  part  of  the  total  quantity  falli 
every  where ;  we  will  not,  therefore,  dwell  on  this  season,  in 
order  that  we  may  turn  all  our  attention  to  winter  and  sum- 
mer. Let  us  compare  the^e  two  seasons,  and  represent  by  1 
tbe  quantity  of  rain  that  falls  in  winter  ;  that  which  falls 
in  summer  will  be  expressed  by  the  following  numbers : — 


West  of  England     . 
East  of  England      . 

0,868 

1,131 

West  of  France      . 

East  of  France 

1,540 

(.erniany 

2,042 

Petersburg     . 

2,G70 

Thus,  while  in  the  west  of  England  the  quantity  of  water 
that  falls  in  RUtumer  is  to  that  which  falls  in  winter  as  9  to 
70,  this  relation  entirely  changes  as  we  penetrate  into  the 
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contiitent.  On  the  weat  coasts  of  France,  the  quantitiea  of 
water  are  verj  nearly  equal.  lu  Gemuny,  twice  as  mach 
water  &11»  in  summer  ai  in  winter ;  and  at  Peterabnrg,  the 
quantity  of  rain  in  winter  is  onlya  little  more  than  a  thiixl 
of  that  which  falli  in  summer.  The  dsvs  of  rain  follow  the 
aame  laws.  On  the  west  coart  of  England,  they  are  more 
numerous  in  winter  than  in  sununer ;  while  in  the  interior 
of  Siberia,  it  Tains  four  times  more  frequently  in  aanuner 
than  in  winter.* 

In  the  sequel  we  shall  often  hare  occasion  to  revert  to  the 
laws  that  we  have  established.  Let  us  simply  add,  that  a 
clouded  stratum  of  the  sky  and  the  longer  or  shorter  periods 
of  fine  weather  are  their  more  immediate  consequences. 
During  whole  daje,  the  sun  is  invisible  in  England,  whilst 
a  clear  sky  is  extended  over  continental  Europe ;  in  summer 
it  is  precisely  the  contrai^. 

These  cumatologic  differences  are  connected  with  two 
causes.  In  equal  latitudes,  the  air  is  hotter  above  the  At- 
lantic Ocean  tWi  above  the  earth.    When  the  west  winds, 

■  Ta  U .  d*  GuriniH  n  an  loilabted  hir  mn  eileiulTa  wurh  od  the  dli- 
Irlbntiga  of  nlni  In  Europe.  RnnvHiiting  lh«  wmuiil  qiuntllf  of  nlni  b; 
ICO,  he  flxoRfHt  (be  qiuntlttot  tbfet  feU  In  the  dliftrenl  iflftKmi  by  feUqooE 
put!  o(  thii  nimbaT.  which  kuodi  be  diyldai  dilhnnilr  from  other  nwtr- 
orologliM:  hie  nimncr  moothj  ere  JuL^r,  Au^uet,  ind  Septembeir.  Thif 
bdng  Ud  down,  be  dirldee  Eanipe  Into  lira  ngloa— the  on*  on  Ihe  M.E., 
Thn*  tlu  cnateit  qunlllj  or  nlii  bile  In  ■umnwr  i  Ibe  olber  on  tbe  S.W.. 
when  It  (aUe  In  mtninn.  Tbe  nfion  of  the  uttnmnel  raliu  EiUndi  u  Or 
__.i_  ...,.     n — ■ ,  r. ij  helonge  lolbelof  mmnierrelni.   P»rle 


■oresto. 


belonee  i 


Tinien  e  monlh  [>  Terj  ndnj.  tbe  generoUtj  of 
sine  thil  the  dlmete  of  the  p1t«  uhlcb  thqr  lob 
whole  world,  Ij  deterliminl.  Thle  took  place  m 
.April.  IB37.  To  pul  ui  end  to  thew  ridlculDiu  i 
taa  rcflBKn  of  the  < 


ntb  ot 

vUch 
■  lover  UuQ  tbU  <tf  ftnr 


Ut  u-e  drawn  bwn  tlie  Mmewhut 
*nr*d  In  certidti  monUiL  {COmptrt 
M  uhI  sn.  IB>7.>— M. 
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loaded  viOi  the  vipoiir  of  witer»  b^  to  Voir,  tiw  kMvh 
precipitaAed  «s  soon  «s  they  cone  mto  cioilMoii  vitk  Iht 
colder  winds  of  the  Cootiiient.    Add  to  Uiii,  tfasfc  Ae 


mre  much  lower  in  winter  thmn  in  ■nnmer,  aad  «r  itofMi 
by  leM  elemted  chami  of  moantuBi.  In  ioiBMer  imtf 
pasB  abore,  and  diaelmige  the  water  with  wiudi  thi^  Ml 
loaded,  into  the  interior  of  the  eontinenti;  iMi  *  ^ 


comstance  is  the  more  inflnentia],  as  the  grater  not  of  tfct 
summer  rains  are  due  to  ascending  enrrcnta,  wfaiaa  donr  tfct 
yapours  and  ckiiids  toward  the  nigfaer  v^iiona  of  tte  a^ 
mosj^ere;  ii  |i1ii  miiiM  iiiiii  (list  niiriiini  miini  mini  flw|iiM<j| 
on  the  continent  than  in  "Rugland.    Foremnple^ 

Li  Scandinavia  thetranMtion  of »  sea  rlimatf  latoacoQ- 
tinentaL  dimate  is  seen  in  a  small  space.  AtBeigB^Aen 
ijdl  annually  2*,25  of  wator,  which  is  move  tfam  li  Hf 
other  dtY  in  Europe,  and  more  than  on  many  poinlBrfte- 
ated  within  the  tropics.  This  is  becanse  the  dinls  «i 
driven  forward  by  the  8.W.  winds  into  the  ioids  of  Nonnf^ 
where  they  are  arrested  by  the  moontaina;  tiber  time  i^ 
cumulate,  and  the  water  is,  as  it  were,  meduuiicaUy  sfoeoBd 
out.  In  Sweden  only  fifty-fonr  centimetres  of  watier  ftD.  ii 
a  mean,  and  the  reUtion  between  the  sommer  and  the  winier 
rains  is  entirely  chanced;  for  whilst,  in  Norway*  the  fjBB- 
tity  of  water  that  fiJIs  in  sommer  is  only  three-lbiiras  of 
that  which  falls  in  winter,  localities  are  foond  in  flufdf 
where  the  relations  are  the  same  as  on  the  Continent. 

RAXMS    OM    TBB    OOikSn    OF    TBB    MJMMTMU 

&ANBAN. — The  Atlantic  is  the  great  reservoir  of  lus 
for  the  European  regions  that  we  have  hitherto  been  cob- 
siderinjg,  bat  it  has  little  influence  over  the  dhnate  of  eom- 
tries  situated  on  the  north  of  the  Mediterranean.  ^Hie  wot 
winds  discharge  the  water  thejr  contain  on  the  Pjrrenees^  the 
mountains  of  the  Spanish  pemnsula,  and  those  of  the  aootfi 
of  France.  The  S.  w .  wind,  coming  from  the  equator,  pie- 
vails  at  the  same  time  with  the  south,  engendered  by  the 
burning  deserts  of  Sahara,  and  which  gives  rise  to  manj 
local  whirlwinds,  while  the  north  winds  blow  on  the  Medi- 
terranean (vide  p.  45).  This  wind  is  distingniriied  by  its 
dryness  and  its  deviled  temperature ;  also,  when  the  as- 
cending current  takes  the  vapours  upward,  they  arrive  in  a 
dry  air,  and  do  not  condense,  especially  if  the  wind  blows 
violently. 

The  valley  of  the  Bhonc,  in  the  south  of  Franoe,  is 
watered  bv  an  annual  quantity  of  rain  scarcely  superior  to 
that  which  falls  in  Germany ;  but  its  division  VDong  the 
various  seasons  is  very  differrat,  for,  in  summer,  searo^  tea 


xins  nr  ralt. 
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cent  of  the  total  quantity  fklls,  and,  in  antomn,  forty 
far  cent.  H  atuting  firam  the  sea-coast,  we  aseend  the 
triley*  the  qfoantity  of  rain  fidling  in  summer  increases  at 
jffcnr  aten,  and  the  relations  that  exist  in  the  east  of  France 
ne  mmo.  The  influence  of  the  Mediterranean  climate  is 
even  ftli  tt  Genera.* 

With  zespeet  to  the  dlstnbntion  of  rains,  Italy  shews  very 
nnarfcable  local  difTerences,  hut  we  cannot  follow  them  into 
4dr  deteib  eo  aeconnt  of  the  deficiency  of  ohserrations. 
Mot  01^  an  the  xainy  winds  not  the  same  as  in  Enrope, 
tab  <lifwiwiiflei  ire  fiiond  hctween  those  of  the  plains  of 
T^flMjJMwij  anil  those  of  the  western  coast.  At  ndna,  it 
wopt  ftoqaently  lahu  with  north  and  N.E.  winds;  for,  one- 
ftM  of  the  total  qnantity  of  ram  fidls  with  the  fbnner  of 
these  two  winds.  The  sonth  and  S.W.  winds  hriag  only 
Botflth  of  the  total  quantity.  If  we  note  i&  fire- 
ef  the  winds,  we  shall  see  tnat  the  sooth  and  S.W. 
'  ten  times  without  any  rain  ftlling,  while  the  N.£. 
wfpd  aefer  hlows  four  times  without  its  raining:  this  is 
pjrecisely  ibt  contrary  to  what  happens  in  Germany.  But 
ttie  north  winds,  that  so  frequently  hring  rain  to  Fadua, 
on^  Uow  alon^  the  surface  of  the  ground ;  the  south  winds, 
wmeh  porerail  m  the  h^her  regions  of  the  atmosphere,  ac- 
^nmnlmA^  tlic  clouds  agamst  the  Alps ;  and  the  north  wind, 
winch  is  reflected  on  the  mountains,  brinssthem  hack  to  the 
pifadni  of  Lombardy.  Chi  the  contrary,  u  high  clouds  come 
fram  the  north  to  the  south,  fine  wea&er  may  be  calculated 


•  TIm  fcOowlng  table,  due  to  M.  Bbavau,  shews  the  mode  of  the  distrl- 
ttoB  of  rain  aooimUng  to  the  different  seasons  of  the  jear  in  the  valley  of 
the  Satae  and  the  Shbne.  both  to  the  north  and  the  south  of  the  parallel  of 
▼ifkn.  He  has  placed  the  numbers  relating  to  Genera  and  Milan  opposite, 
•D  aeeoont  of  the  proximity  of  these  cities,  and  of  the  transition  which  they 
•xMUt  between  the  cUmate  of  the  Talley  of  the  Rhtae  and  that  of  Germany 
■id  Italy ;  and,  Anally,  because  these  numbers  mi^t  inspire  great  cooildence, 
■■  Om^  are  the  mean  of  a  m^  great  manjf  years  of  obaerration :— 


Basik  op  thk  RbAmx. 

GUVXYA. 

MlLAir. 

North    1 
ofVn 

South 
ms. 

Whiter    . 
Spring.    . 
Summer  . 

Tear    .    . 

mm. 
19,6 
28,8 
22,0 
34,6 

mm. 
22,0 
24,7 
12,6 
40,6 

mm. 
21,6 
21,8 
29,7 
26,9 

mm. 
20,» 
24.1 

aM 

31,6 

100,0 

100,0 

100,0 

lOOyO 

.r.<^»MB* 
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At  Rome,  it  rains  with  north  and  soath,  bnt  rmrdy  with 
iDtcrmediatc  winds.  With  regard  to  frequeney,  oat  of 
twelve  times  that  the  wind  blows  from  the  north,  rain  is 
once  brought,  while  the  south  wind  never  blows  three 
times  without  water  falling.  At  Padua,  the  north  wmd  is 
reflected  on  the  Alps ;  at  Home,  the  rain  conies  from  the 
Apennines,  which  are  situated  to  the  east  of  that  dtjr. 

On  examining  the  distribution  of  rain  in  Italy,  we  mnit 
distinguish  the  coasts  of  the  Adriatic  Sea,  and  in  p^rtiwilar 
Dalmatia,  from  the  countries  situated  beyond  the  Ajpennineft 
On  the  entire  west  coast,  ten  per  cent  of  the  whole  anmial 
quantity  of  rain  falls  in  sununer.  The  fact  was  even  known 
by  the  ancients,  when  they  said  that  in  Italy  it  does  not  imia 
with  the  etesian  winds  ;'*  it  is  the  same  in  Greece.  The  cur- 
rent of  Sahara  is  very  violent  in  the  higher  regions,  and  the 
vapours  that  are  raised  are  not  able  to  saturate  this  diy  and 
hot  air.  This  does  not  happen  if  the  r^;ularity  of  the  wmdi 
is  disturbed,  and  when  the  ascending  current  blows  widi 
much  force ;  the  sky  is  then  cloudy ;  and  there  are  soon 
drops  of  rain  and  storms,  but  the  clouds  are  not  long  before 
they  disappear  again. 

As  soon  as  we  traverse  the  Apennines  other  relations  are 
establi^ihed ;  the  superior  is  no  longer  the  prevailing  car- 
rent  :  this  is  especially  striking  in  the  great  valley  of  the 
Fo.  On  the  coasts  of  the  Adriatic  Sea  analogous  relations 
are  found,  although  less  marked  than  on  the  west  coast ;  in 
ascending  toward  the  north,  the  simimer  rain  increases  with- 
out ceasmg,  the  ifvinter  rains  diminish  ;  and,  in  this  respect 
the  climate  of  Turin  is  entirely  comparable  with  that  of 
Germany.f 


*  *'  >'enti  modo  ftdducunt  nubcs,  modo  diducunt,  ut  per  totum  ortiem 
pluvup  diTidl  pojwent.  In  lUliam  Austcr  impellit,  AqiUlo  in  Afiricain 
rcjirit:  Etesiw  m>ii  patiuntur  apud  no0  nubcH  c<m^i(ter«.  lidem  totam 
liidiain  et  .£thiupiam  continub  per  id  tempiu  aquin  irrigaot.**— <SBsnBC^ 
Qui'st.  Sat.  V.  IH.) 

t  In  his  beautiful  work,  entitled.  Table  of  the  aimatf  of  Jiafy  (Copen- 
hagen. 1S39).  M.  Scnoi'w  has  ditidcd  this  eountry,  in  a  hyetogn^hlc  i«iiit 
of  view,  into  four  principal  belts. 

The  first,  called  the  Alpine  belt,  comprehends  ttrenty-tbree  staUona,  si- 
tuated to  the  north  of  the  south  dccllTitT^f  the  Alps,  such  as  Udine,  B«Uune. 
Conegllano,  Fcltre.  Castclfranco,  kc.  The  mean  aimual  quantity  of  rain 
that  falls  there  is  1*.3C3. 

The  transpadane  belt  comprises  Trieste.  Venice,  Mantua,  MHan,  &c. 
The  annual  quantity  of  rain  is  0*,t»G*). 

In  the  eispadane  belt,  containing  Parma,  Bologna,  Ferrara.  &c.  it  is  as 
low  UA  0",665. 

Finally,  in  the  Apennine  belt,  which  comprises  all  the  towns  occapying 
the  wciit  and  the  east  sides  of  this  chain,  from  Genoa  to  Palermo,  the  qoan- 
tity  of  rain  diminishes  fWmi  north  to  Houth :  for  it  is  great  at  Genoa  and 
Lucca:  one-half  le»3  at  Kome  and  at  Palermo,  and  stUl  lest  at  the  cast  of 
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Hie  aime  appears  to  be  the  case  on  all  the  coasts  of  the 
IMitomuiean ;  in  Syria,  as  well  as  in  the  north  of  Africa^ 
it  larely  rains  in  sonuner,  but  frequently  in  winter.  Hence 
Alt  perpetually  serene  sky,  of  which  travellers  spotk  with  so 
■m  enthusiasm.  Such  a  climate  may  beconceiyed  to  hare 
a  great  influence  over  vegetation ;  that  of  the  south  coasts  of 
tM  Mediterranean  is  characterised  by  a  great  many  peculiar 
ipeciet.  Those  species,  first  distinguis&ble  around  Mont- 
p^kr  and  MarsoUes,  are  found  on  all  the  west  coast ;  but, 
as  ioon  as  the  hill  cf  Tende  is  passed,  a  vegetation  is  seen 
whieb  approaches  that  of  Germany.  These  differences  are 
not  coniMBeted  merelv  with  that  existing  between  the  mean 
tempentnres,  but  auo  with  the  influence  of  a  more  uniform 
tcmpentoxe. 

The  distribntion  of  rains  in  Europe,  and  particularlj 
the  tununer  rains  of  Germany  and  tne  autumn  rains  of 
Italy,  have  been  deduced  bv  M.  Dove  from  a  law  somewhat 
diflmnt.  As  the  vapour  of  water  is  abundantly  precipitated 
w^en  two  winds  contend,  he  explains  them  by  the  greater 
extension  of  the  trade-wind  in  summer.  Then  the  upper 
S.W.  currents  touch  the  ground  only  in  the  high  latitudes, 
while,  in  winter,  they  arrive  here  even  in  lower  latitudes. 
This  is  why  the  greatest  quantity  of  water  which  falls  in 
summer  in  the  north  of  Europe  is  due  to  the  collision  of  two 
winds.  At  the  equinoxes,  they  touch  the  earth  in  the  Medi- 
terranean region;  hence  the  violent  autumnal  showers  in 
these  countries.    When  the  declination  of  the  sun  is  south. 


tbe  Apennlnei.    AUo,  at  Luce*  and  Turin,  only  0a,488  of  water  falls  per 
year. 

I  hare  extracted  from  M.  Schocw's  tables  tbe  mean  quantity  of  rain  that 
fUU  in  the  different  seasons  of  the  year  in  each  of  the  belts  that  he  has 
traced  out : — 


MXAV  QUAKTm  Or  BAIM  IN  TflX  DirrOKNT  SXAfOMl,  XV  XTALT. 


Rioiovs. 

SraiKQ. 

SCMMEB. 

WlKTKK. 

Alpine  belt  .    .    . 
Trmnspadane  belt . 
Cispadane  belt .    . 
Apcnnine  belt  .    . 

mm. 

321 

210 

137 

210 

mm. 
394 
229 
137 
121 

480 
291 
219 
321 

mm. 

301 
197 
140 
263 

We  at  once  recognise  in  this  table  the  influence  of  latitude  and  that  of 
mountains.  Thus,  the  annual  quantity  diminishes  as  we  approach  the 
south;  and  the  neighbourhood  of  mountains  determines  heavy  rains  in 
spring,  autumn,  and  winter.— 'M. 
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the  winter  rains  innndate  the  nortih  of  Afiiea ;  in  spring,  the 
conflict  is  in  the  south  of  Europe ;  and,  in  this  season,  the 
rains  are  abundant. 

Although  this  theoiy,  which  has  so  nuxxy  relations  with 
the  distribution  of  rains  within  the  tropics,  explains  to  m 
many  obscure  points,  we  should  nevertheless  not  finget  the 
relations  that  exist  between  the  countries  situate  mnth  and 
south  of  the  Mediterranean.    In  spring  and  autunm,  peiiodi 
when  the  Sahara  current  begins  and  finishes,  eddies,  like 
those  which  aooompany  changes  in  the  monsoons,  determme 
frequent  rains.    But  the  winter  rains,  so  abundant  on  the 
west  coast  of  Europe,  cannot  be  explained  otherwise  than  ire 
have  given  them. 

It  is  to  be  regretted  that  we  do  not  possess  a  ^raster 
amount  of  information  on  the  distribution  of  lains  m  the 
rest  of  the  world.  Existinff  observations  are  insufficient 
Let  us  simply  observe,  that  the  west  coasts  ai  tiie  two  Anw- 
ricas  are  distinguished  by  abundant  winter  rains,  whilst  the 
contrary  occurs  on  the  eastern  coast ;  the  total  want  of  eon- 
tinuous  scries  noade  in  these  latitudes  does  not  permit  of  oor 
establishing  more  predse  laws. 


IV. 


DISTBIBUnON  OF  TEMPERATURE 


ON  THE 


SURFACE  OF  THE  GLOBE. 


Cub  researches  on  the  modification  of  the  atmosphere 
eommenced  by  the  study  of  Heat ;  from  which  we  deduced 
the  theory  of  winds  and  hydrometeors.  These  two  orders  of 
phenomena  exercise,  in  their  turn,  the  greatest  influence 
orer  the  range  of  temnerature,  and  determine  the  anomalies 
wldeh  it  presents.  To  this  subject  we  will  now  specially 
direct  our  attention. 

BBDUCnON  or  CAIaORIFIC  INTBNBXTY  IN  THE 
PASSAGE   or   HEAT  THROUGH    BODIES. — Calorific, 

like  luminous  rays,  undergo  certain  modifications  in  their 
pawMpe  through  bodies.  Although  transparent  media  arc 
also  those  which  allow  heat  to  pass  with  the  greatest  faci- 
htVy  there tureyet, in  this  respect, notable  difierenoes between 
•abatances.  Thus  a  diathermal  body  allows  all  the  rays  of 
heat  to  pass  without  itself  becoming  heated.  If  a  piece  of 
very  pure  ice  is  made  into  the  form  of  a  lens,  tinder,  placed 
in  its  focus,  may  be  ignited  by  the  simple  action  of  the  solar 
rays,  without  the  ice  being  melted. 

To  determine  whether  a  body  is  diathermal,  we  first 
plaee  a  delicate  thermometer  in  the  focus  of  a  concave 
mirror,  that  reflects  on  the  bulb  of  the  instrument  the 
light  of  a  taper :  another  thermometer  is  freely  suspended 
in  the  air.  The  diflTerence  of  the  indications  of  the  two 
instruments  shews  the  influence  of  the  source  of  heat. 
Suppose  this  d^erence  to  be  3®.  Now  interpose  between 
the  mirror  and  the  taper  a  plate  of  the  substance  you 
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desire  to  ezmiiiie.  Gnnt  that  the  Jiilbitnim  of  tlw  two 
thermometers  is  not  more  than  V/L  Ufalknn  ftoBttihii 
eiroeriment,  that  the  piste  did  iiot  allow  mofe  than  Inlf  tte 
cauunfic  rays  to  pass,  whilst  the  other  half  rwitrilwlHt  to 
raise  its  temperatare.    Ifwe  iDcnaae  themnaber  of  pktoi 


of  the  sud  body,  or  the  tiuc^ieaB  of  thk  bo^9  thejgDf 


tion  of  the  rays  absorbed  will  be  greater;  Ibr  ITS 
pose  it  compoaed  of  pktes  similar  to  the  ibimer,  aaik  af 
which  absoTDs  the  same  pnqportioQ  of  heat.  For  tha  aks 
of  simplidty,  let  us  suppose  that  100  laya  atim^  aadttHt 
the  fint  plate  absorbs  one-teath,  the  seeond  will  not  nsriwa 
more  than  100— 10  ss90  rays.  The  ktter  will  also  absoil 
one-tenth,  that  is  to  say,  9.  The  third  will,  thetdbn^  n* 
ceive  90— 9ss81  rays,  and  will  absorb  8,1 ;  the  fimidi  wS 
receiTe  72,9  rays,  and  so  on.  By  cTprrasii^  these  idstes 
mathematically,  we  may  rednoe  all  bodies  to  the  aaneHid^ 
ness,  and  calcniate  the  relatiTe  quantity  of  heat  wUdi  ttif 
have  absorbed. 

Experiments  of  this  kind,  when  carefoUy  eondnctod,  aot 
only  lead  us  to  recognise  the  diflferent  mthemani^  e( 
bodies,  but  to  divide  calorific  sources  into  two  oroen; 
those  which  are  luminous,  such  as  the  sun,  the  Ught  of  a 
taper,  incandescent  metals;  and  those  whieh  emit  menl^ 
durk  calorific  rays,  such  as  a  yessel  filled  with  hot  water. 
Every  thinff  proves  that  diathermic  bodies  abaorb  m  wstA 
more  considerable  portion  of  obscure  than  of  luminous  lays. 
Without  seeking  to  explain  this  fiut,  let  it  soflte  ns  to  le* 
mark  that  it  is  of  high  importance  towards  our  nnderatand- 
ing  all  that  is  to  follow. 

RBDUOnON  or  SOIiAJt  BBAT  DU&IMO  m  FAS- 
SAGE  THROUGH  THB  ATM08PHSSB.— If  we  foUoW 

the  march  of  the  sun  on  a  fine  day,  we  shall  recognisf, 
without  the  aid  of  any  instrument,  that  the  intensity  of  Us 
heat  diminishes  with  its  height,  because  the  atmosphere 
absorbs  a  portion  of  the  luminous  rays.  As  the  son  deseends 
toward  the  horizon,  the  rays  are  obliged  to  traverse  a  fueattr 
thickness  of  the  atmosphere,  in  order  to  reach  ns.  At  the 
moment  of  its  setting,  its  Ikht  is  so  feeUe  that  we  can  eon- 
template  it  with  the  nakd  eye.  It  is  the  same  with  ito 
calorific  power.  Take  a  lens,  when  the  sun  is jpasni^  the 
meridian,  and  measure  the  time  necessary  to  infiame  tinder« 
for  example ;  in  proportion  as  the  sun  approaches  the  hori- 
zon more  time  will  be  required  to  light  it,  and  it  will  be 
even  imjxMsible  when  this  phmet  is  at  a  few  dqprees  above 
thehonzcm. 

In  order  to  measure  this  reduction  aeenratelyy  we  moat 
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employ  a  thermometer  sufficiently  protected  against  the  wind 
ana  other  influences.  De  Saussure  called  this  instriuuent 
A  kdiothermometer.  Take  a  box,  the  interior  of  which  is 
cotfted  with  bodies  that  are  black,  and  also  bad  conductors 
cfhttrt,  and  which  is  closed  on  one  side  by  panes  of  trans- 
ynent  ^ass;  then  place  in  it  a  thermometer  with  a  black- 
«Md  Mibk  and  adjust  the  apparatus  so  that  the  sun*s  rays 
U  pnpen&nlaify  on  those  plates  of  elass.  Hersehelpro- 
foma  •  TCTT  diilorent  apparatus,  whidi  he  named  an  acti-' 
flonsiv*.'  But  the  heliothermometer  is  more  easy  to  con- 
ltael»  and  answers  the  same  purpose. 

H  this  appaxBtos  is  exposed  for  a  minute  to  the  sun*s 
ngnii  the  thermometer  rises.  However,  a  small  correction  is 
hm  neeoaary.  Suppose  that  the  instrument  has  a  tem- 
pcntnve  lower  than  that  of  the  mediumin  which  it  is  placed, 
the  tbuinuuieter  would  rise  without  the  direct  influence  of 
the  am;  It  will  then  indicate  too  high  a  temperature.  To 
iind  the  eorreetion,  observations  must  be  made  for  three 
After  having  arranged  the  apparatus  conve- 
KTCen  is  placed  between  it  and  the  sun,  and  the 
of  the  tbiermometer  are  read  during  this  space  of 
:  anpyuae  that  it  has  risen  0^,8.  The  screen  is  then 
pad ;  in  tiie  minute,  during  wluch  it  receives  the  solar 
neya^  ft  will  liae  l*'^  for  example.  The  screen  is  then 
■WflMitil,  and,  in  the  third  minute,  it  will  rise,  sajr  0°,1. 
ThUBf  under  the  influence  of  the  circiunambient  medium,  it 
zoae  in  the  first  minute  0°,3 ;  in  the  third  minute  0^,1 ;  con- 
aeqnentlyt  in  the  second  minute  it  must  have  risen 

^-^+0.1^  00,2. 
2 

So  that,  during  the  second  minute,  the  sun  made  the 
tliennometer  rise  1^,5  —  0°,2  =  1%3.  If  the  instrument 
baa  lUlen  during  the  first  and  the  third  minute,  the  mean  of 
Iboae  fidlings  should  have  been  added  to  the  solar  action. 
To  a^roid  errors  of  observation,  the  observations  are  made  for 
cieven  minutes.  The  thermometer  is  exposed  to  the  solar 
]k^  during  the  second,  fourth,  sixth,  &c.  minutes ;  the  mean 
cf  the  five  observations  is  then  taken. 

Measurements  of  this  kind,  when  made  during  days  that 
a;re  perfectly  serene,  shew  that  the  solar  action  increases 
with  the  height  of  the  sun  above  the  horizon.  The  follow- 
ing is  an  example : — 

'  Fide  note/,  Appendix,  No.  II. 


IffO 


4Xfw  s^vie 

S7  35  2»Q8 

24  30  1,77 

SI   30  IgSO 

In  Older  to  dedooe  ihmi  ihete  ol»en«ftiQBi  tltt 
of  sdar  liglit  in  its  paasage  throudx  the 
shoiUd  know  exactly  the  oonne  of  the  X9f  ia 
sphere,  and  the  emoant  to  whidi  the  thcmoawfeer  woaU 
nse,  if  it  were  placed  at  the  lindti  of  our  atmoirihfie;.  ikiA 
is  to  say,  if  the  xmya  weie  not  weakened.  xImm  Wo 
elementi  cannot  be  ezacUy  detenuned;  hut»  if  we  aniya 
the  atmospheie  limited  by  a  jj^ane  paiaUd  to  the  hofftw^ 
at  a  height  of  about  20^,  which  b  true,  and  if  we  deMHia 
l^  1  tl^  shortest  distance  fteoa  the  observer  to  tins  wne^ 
we  may  express  the  length  of  the  ooona  of  the  amV  naA* 
nous  rays  oy  multiples  of  this  inii^«  S^y  Tepsath^  the 
experiment  at  different  heights  of  the  son,  we  na^  coadaia 
approximately  the  (j^uantitv  that  the  instrument  would  li 
if  It  were  at  the  limits  of  the  atmos^iere.  With  the  i 
ment  that  I  employed,  this  quantity  was  3^,3.  Thnsi 
the  height  of  the  sun  is  40""  30^,  only  two-thiida  of 
rays  reach  the  earth ;  when  at  21^  30^,  only  half:  tlie  tcsI 
are  absorbed  by  the  atmosphere,  or  reflected  toward  the 
earth  and  celeatial  space. 

In  order  to  express  this  value,  which  dependa  eo  the 
height  of  the  sun,  it  is  better  to  seek  how  many  rays  wonU 
have  reached  the  earth  had  the  sun  been  at  the  lenith.  If 
wc  represent  the  number  of  ravs  that  arriTC  at  the  atmo- 
sphere, during  the  most  serene  dm,  by  100,  scarcely  70  or 
80  will  reach  the  earth.  Thus  tne  fourth  are  absorbed  or 
reflected  by  the  atmosphere.  The  total  number  of  rsys  thiHl 
reach  the  ground  during  aday,  is  only  the  half  of  that  which 
falls  on  the  atmosphere.  This  is  true  of  a  day  perfectly 
serene ;  but  on  calculating  serene  and  also  cloudy  days,  we 
see  that  the  earth  does  not  profit  by  more  than  a  very  Ball 
portion  of  the  rays  that  amvc  at  the  atmosphere. 

The  heat  that  the  earth  receives  firom  the  sun  radiatea 
into  space ;  but,  as  it  is  dark  heat,  it  is  probable  that  it 
experiences  a  much  greater  difficulty  in  traveraiDg  the  at- 
mosphere  than  do  the  luminous  rays  of  the  sun.  When  the 
traiL<;parency  of  the  air  is  disturbed  by  vapours,  the  dark  and 
also  the  luminous  rays  experience  a  still  greater  resistance  in 
their  progress ;  but  if  they  prevent  the  heating  of  the  soil 
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Iff  tiM  TV^  of  the  fan,  they  also  oppose  its  oooling  by 


ffmta  OF  THB  BARTB  AND  OF  SPACE. 

«-ffitlierUs  we  hare  eomndered  the  sun  as  the  only  source  of 
kit  that  iranns  oar  globe;  but  Foiuier  has  shewn  that 
ttcn  czirt  two  other  yery  influential  causes,  namely,  the 
Mmr  heat  of  the  earth  it^sl^  and  also  that  of  space. 
Ahnniigji  their  action  cannot  in  any  degree  modify  the  in- 
frrtjons  of  thetfaeimometer,  it  is,  howerer,  wdl  to  analyse 
ithriefly* 

If  webmy  thennometers  in  the  ground,  at  different  depths, 
'  K»  tiiat  their  bulbs  dball  be  in  contact  with  the  earth,  the 

wHl  be  smaller  as  the  instruments  are 


pdwlndtiioliislniiumti^  nmch  nMV9  ptvftoC  thui  tluit  of 
r  MllBMtlng  tlw  qoanUty  of  solar  heat  abtorbad  hj  the  atmo* 
li  ihBdireet  p^keliometer,  the  other,  the  iaUkmtar  p^heUo- 
iMer  to  cempoied  of  a  lens  24  or  39  cent,  in  disineter,  with  a 
>ef  GO  or  70  eeot.,  fai  the  focot  of  iriikdi  ie  a  pitted  Teisel,  con- 
;  €00  grammee  of  water,  in  whidi  the  bulb  of  a  thoinoineter  is 
Thm  nrm  of  the  Tcssel  and  the  arrangement  of  the  lens  are  so 
dHis  ftir  all  belgfats  (Xf  the  sun,  the  nqrs  fUl  perpendicularly  on 
lhekne»idBdoatbeiarftfeeoftheTessd;  which  mcr  is  oovered  with  lamp* 
bladE»aad  la  Intended  to  recetre  them  in  the  focus  and  to  absorb  them.  (For 
the  dMCriBtfan  off  these  two  instruments,  vide  Le$  Compia  mdmt  de  FAca- 
itmit  As  MnscM.  t.  tIL,  p.  24  [1888] ;  mAEIimtmiideFktfi,  t.  ii.  p.  528,  and 
j^.maadS76.) 

pooa  ejipwliiients  made  with  these  two  instramentshare  led  to  tho 
iwoltaG— >Wben  the  atmosphere  has  ererj  appearance  of  perfect 

jr7tl  jat  abeorbe  nearly  one-half  of  the  total  qnantitj  of  heat  which 

fha«B  eanlta  toward  the  esrai ;  and  it  is  the  other  naif  alone  of  this  heat 
wVUb  adis  OB  the  sarftee  of  the  earth,  and  which  Is  more  Tarionaly  dis- 
■^m— "''g  as  it  has  trarersed  the  atmospbera  with  greater  or  lesa 


^tba  total  quantHj  of  heat,  which  the  earth  reeeiTes  flrom  the  sun  in  the 
M  of  a  year,  were  onifonnly  spread  on  its  snr&ce,  and  employed  without 
any  Vms  to  melt  a  bed  of  ice,  which  shoold  envelope  the  entire  gIol>e,  it 
weald  be  capable  of  melting  a  bed  thirty-one  metres  thick. 

Mr.  Foanas  comnwmicated  to  the  Koyal  Sodetv  of  London,  on  the  26th 
of  Magr,  and  the  9d  of  June,  1842,  the  results  of  the  correspondent  ex^ieri- 
anla  wbleh  be  had  made  in  September,  1832,  with  BL  KAorra,  at  Brienz, 
and  oa  the  Faalhom,  upon  the  transparency  of  the  atmosphere.  The  dif- 
%iiHHf»  of  lerel  was  2119  metres.  The  following  are  some  of  the  results, 
wUdi  mn  aa  new  as  they  were  unexpected. 

1st.  The  bundle  of  caloriflc  solar  rays,  on  entering  Into  our  atmosphcro, 
la'  eonipoeed  of  two  sorts  of  rays;  the  one  easily  absecbable  hr  the  atmo- 
sphere, 1^  other  absolutely  reraring  all  ertinetfam ;  the  former  form  nearly 
0^  and  the  latter  0,2  of  the  total  number. 

Sd.  The  law  of  the  extinction  of  the  rays  of  the  flnt  order  Is  a  geometrical 
Wogi  ssstoii  (according  to  the  hypothesis  of  Bouorxa,KAUCTX,  ftc.),  such  that 
the  serMcol  transmisrion  through  the  atmosphere,  taken  from  its  base  (the 
lerd  of  the  sea)  to  its  superior  limit,  reduces  the  eighty  absorbable  rays  to 
Olrty-thrse. 

It  follows,  flrom  this  new  theory  of  Mr.  Foebxs's,  that  the  portion  of  tho 
heat  which  is  not  absorbed  in  the  case  of  rertical  transmission,  instead  of 
Wng  76  per  cent  of  the  extra-atmospheric  heat,  is  only  53  per  cent.  O'idc 
fkO.  Ifsf .  Sept.  1842.)— M. 
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more  deeply  buried  in  the  earth.  At  aboat  az  or  wven 
metres,  the  instrument  is  stationary  for  the  whole  year,  and 
indicates  a  degree  of  temperature  which  approaches  clotelj 
to  that  of  the  annual  mean.  This  temperature  increases  tlie 
more  we  penetrate  into  the  soil.  Experiments  mide  in 
mines  and  in  artesian  wells  put  this  general  fiut  beyond 
doubt.  The  nature  of  the  soil  and  local  circumstanoei 
modify  the  law  of  increase,  which  varies  between  twdre 
and  tnirty-five  metres  for  one  degree  centigrade. 

In  all  countries,  the  temperature  increases  with  the 
depth.  To  say  that  this  increase  has  no  limit  is  what 
experience  cannot  teach  us,  and  we  are  reduced  to  eoa- 
^tures.  Some  philo60i>her8  admit  an  indefinite  increase: 
It  would  follow  rrom  this,  that,  at  a  depth  of  about  9200 
metres,  a  temperature  of  boiling  water  would  be  found ;  and 
the  centre  of  the  earth  would  be  composed  of  matter  in  the 
state  of  fusion,  or  in  the  gaseous  state,  the  heat  of  which 
would  surpass  all  that  the  unacination  can  conceive.  Add 
to  this  that  Uic  globe,  ha\'ing  been  formerly  in  the  liquid 
state,  has  been  cooled  by  radiation  alone.  The  raraoe 
became  cool  first,  and  one  part  of  its  loss  was  repaired  bv 
the  heat  that  was  transmitted  from  within  outwaraa.  ThH 
transmission  took  place  without  cessation ;  but  it  has  been 
calculated  that  this  Quantity  of  heat  is  insignificant,  in  com- 
parison of  that  which  comes  to  us  firom  the  sun.  It  was 
much  greater  before  man  existed  on  the  earth.  At  certain 
geologic  epochs,  all  the  points  of  the  globe  were  hotter ;  and 
this  explams  to  us  why  we  find  in  hign  latitudes  fossil  vese- 
tables  and  animals,  the  analogues  of  which  cannot  at  ue 
present  moment  live  any  where  but  within  the  tropics. 

At  first  sight,  it  seems  incredible  that  the  nucleus  of  the 
globe  is  incandescent,  while  at  the  surface  we  do  not  feel 
this  heat.  Tliis  fact  is  only  explained  by  the  ¥rant  of  con- 
ductitility  in  the  rocks  that  compose  the  srust  of  the  earth. 
Volcanos  have  made  us  familiar  with  phenomena  of  this 
kind.  The  lava  that  runs  from  the  crater  of  a  volcano 
possesses  so  great  a  heat  that  it  almost  melts  all  metals ;  but 
a  crust  is  soon  formed  on  its  surface ;  it  breaks,  and  its  firag- 
monts  swim  in  the  current  of  lava  like  blocks  of  ice  on  a 
river.  They  solidify  so  quickly,  that  travellers  have  been 
able  to  traverse  the  liquid  lavas  by  ^valking  over  them.  K 
the  current  is  stopped,  these  fragments,  by  uniting,  form  a 
5o1i(l  crust,  which  prevents  the  mass  from  becoming  cold; 
and,  af\er  several  years,  a  notable  heat  is  found  in  the 
centre  of  these  streams.     GemeUaro  observed  on  Etna  a 
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of  ice,  over  which  a  current  of  lava  had  flowed  without 
melting  it.* 

The  earth,  at  it  turns  round  the  sun,  moves  in  a  medium, 
Ae  temperatnre  of  which,  no  doubt  very  low,  is  completely 
ukiiown  to  US.  On  the  other  hand,  the  stars,  notwith- 
■toMtiwg  the  hifinite  distances  b^  which  they  are  separated 
ftuDi  VBf  fend  us  rays  both  lummous  and  calorific.  Some 
Iti^om  of  the  heavens  also,  being  more  rich  in  stars,  the 
fMnlity  of  heal  that  reaches  us  from  different  points  of 
mee  k  not  the  same.  But,  like  as  the  different  indications 
OK  the  thennometer,  during  the  course  of  a  year,  are  all  re- 
dneed  to  a  mean,  so  minr  we  presume  that  Uie  heat  of  the 
^rm  it  nnifbnnl;^  spread  through  all  the  celestial  vault. 
Ttam  heirty  oombmed  with  that  of  the  space  in  which  the 
endi  EBOfei^  giyes  us  the  temperature  t&t  Foorier  named 
the  lemyature  of  space,  and  what  he  states  to  be  from 
— M*  to-^00* ;  whilst  M.  Poniiiet  fixes  it  at— 140°.  f  The 


ftr  1884,  M.  Aeaoo  pubUdied  a  noClot  on  Tke  Tkermo' 
^fdrOiDir.    Ht  peered  wtthhlaamalolMnMit  :— 
•sliti  in  the  MTth  a  central  ft>ciu  of  taMt. 

jmx9,  tlie  otnexat  tempwatare  of  tlie  maM  of  the 

varied atenth  of  a  degree;  and  yet  the  aorlhee  hai become 

■0  at  iceroelj  to  preeerre  anj  MDiible  trace  of  ite 


tiiait  the  ehanfee  we  hare  obaerred,  or  thfaik  we  obterre, 

,  are  not  oomMcted  with  oomicelcanMe,  but  with  circum- 

Ideal ;  meh  as  the  clearing  of  woods  and  mountains,  the 

aefmomweii,  extenalTe  agricultural  works,  &c.  ftc.  Thus,  on  com- 
I  UMnnooMCric  obeenrations  made  at  Florence,  according  to  the 
of  the  Academj  of  Cimento,  towards  the  close  of  the  16th 
V  with  thoee  comprised  between  18*20  and  1830,  it  was  found  that  the 
rwiiiiniiil  sensibly  the  same.  It  would  merely  appear  that  tke  tcintert 
mt  wmJfmMtm  ooUt  and  the  summert  not  quite  $o  hot;  a  result  probably 
4m  to  the  dealings  that  hare  been  made  since  this  epoch.  In  the  United 
an  aaalofoos  efltet  has  been  obsenred,  in  consequence  of  the  vast 
•f  which  this  country  is  the  theatre.  M.  Asaoo  then  applied 
I  to  tiie  climate  of  Franco  ;  and  he  shews  that  there  is  nothing 
I  Ita  having  undergone  any  other  clianges  than  those  derlTod  firom  the 
I  ef  men.  vfUh  regard  to  the  temperature  of  the  terrestrial  crust,  at 
;  off  twantar-dlght  metres,  which  is  that  of  the  cdlars  of  the  Observa- 
tiR^lt  bM  not  <manged  for  a  century ;  for  an  obserration  made  by  Messieb, 
la  1778^  gives  exact^  the  same  cipher  as  in  1826,  namdy,  1  r,8.— M. 

t  In  endeiyouring  to  determine  the  tempeniture  of  space,  M.  Puuillet 
~  an  instmment  which  he  called  an  aetinometer.  It  is  composed  of 
rings,  of  two  decimetres  in  diameter,  coTcred  with  swan's  duwn,  and 
'  en  each  oUier  in  sudi  a  manner  that  the  swan's  down  sliall  not  be 
The  Mn  of  the  swan  itself  forms  the  base  of  the  circle  of 
of  tlM  rings.  This  lystem  is  enveloped  in  a  first  cylinder,  which  is 
ilHlf  enveloped  hi  swan's  down,  and  contained  in  a  larger  cylin<ler.  A 
iheiiniaiiiilei  rests  in  the  centre  of  the  upper  swan's  down ;  and  the  border 
sf  the  axterlor  cylbider  has  such  a  height,  that  the  thermometer  can 
sshtsnil  only  two-thirds  of  the  hemisphere  of  the  heavens.    This  border  is 

with  holes,  in  order  that  the  cold  air  may  escape  readily. 

Tliis  apparatus  being  exposed  in  an  open  place,  and  on  a  serene  night,  to 
the  radiation  of  the  sky,  its  thermometer,  and  a  neighbouring  thennometer, 
firealy  in  the  air,  are  observed  from  time  to  time.    From  the  dif- 

h2 
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difference  of  these  two  results  shews  how  difficult  this  qnes- 
tiou  is ;  and,  moreover,  the  temperature  of  space  appean  to 
have  hut  a  fechle  influence  oyer  that  of  the  lower  strata  of 
the  atmosphere. 

Supposing  a  different  temi)eratiire  in  the  different  regkmt 
of  space,  Poisson  deduced  the  proper  heat  of  the  earth. 
For  all  our  system  beiug  sustained  in  vocoo,  it  is  possihle 
that  it  ma^  Ibare  traveled  very  hot  regions.  Ucnoe  the 
heat  that  is  still  observed  in  the  deep  strata  of  theeaith, 
which  have  not  yet  had  time  to  cool. 

INFIiUENCB   OF  HYDROMSTEOBS    OVXR   TBH« 

PERATURE. — Let  us  abandon  theories  to  study  cansei^ 
whose  action  is  more  powerful  and  more  easy  of  demou" 
St  rat  ion.  Among  these  causes  hvdrometeors  occupy  the 
first  rank.  Wc  may,  indeed,  readily  conceive  that  the  stale 
of  the  sky  exercises  an  immense  influence.  When  on  a 
sumincr*s  morning  the  sky  is  calm,  and  the  air  serene,  the 
temponiturc  rises  notably'  in  a  few  hours.  But  if  clouds 
cover  the  sky,  and  intercept  the  ravs  of  light,  the  ther- 
mometer rises  but  little,  or  even  falls  considerably  before 
the  moment  of  the  nuiximum  of  heat.  The  converse  takes 
place  when  the  sky  is  cloudy  in  the  morning  and  serene  in 
the  afternoon.    In  winter,  on  the  contrary,  the  thermometer 


fercnce  of  these  two  thermometers,  or  from  the  fall  of  that  ono  attached  to 
the  actinitmeter^  the  zenith  temperature  is  deduced. 

E.\|>erimcnt«  made  with  this  instrument  gave  M.  Pol'iuxt  two  lindta  fiv 
the  tcn)]ierature  of  i«pace,  —  \\h'  and  —  175'.  the  mean  of  which  is  140^ 

From  thove  researchcii  he  deduces  many  conxcqueDcet  of  great  Jntereit. 

The  total  quantity  of  heat  which  >paco  send*  to  the  earth  and  to  the 
atmosphens  in  the  cuur»e  of  a  year,  would  be  capable  of  malting  on  oar 
glul>t>  a  IkhI  of  ice  twenty-six  metres  thick. 

Wc  have  scon  that  the  quantity  of  solar  heat  is  exprowed  by  a  bed  of  lee 
of  tliirty-one  metroii:  so  that  the  earth  receives  in  all  a  quantity  of  heat  rt- 
pri>i;ntcd  by  a  bcil  of  ice  tUty-:«even  metres  thick. 

Wo  »ihall  undoubtedly  lie  astonished  that  8i>ace,  with  ita  temperature  of 
—  140%  can  cummunica'te  to  the  earth  so  considerable  a  quantity  of  heat, 
that  it  is  found  almost  cqu^il  to  the  mean  heat  of  the  sun.  But  we  should  re- 
iniirk  tiiat,  with  respect  to  the  (orth,  the  sun  occupies  onlj-  the  fiTe-miUionth 
of  the  Cflestial  ^uult :  that  it  must,  consequently,  send  two  hundred  thou- 
sand times  more  heat  in  order  to  pnMiuco  the  saine  effeirt. 

It' the  action  of  the  sun  wore  nut  felt  on  our  globe,  the  tcmperatnre  of 
the  surface  of  the  ground  would  he  every  « here  uniform,  and  at  —  ^9*. 
I«t'ow,  Hiiioe  the  mean  temiterature  at  the  equator  is  27-.'-».  we  murt  conclude 
th:it  tlie  presence  of  the  sun  increases  the  temperaturo  of  the  equatorial  none 
in,  .■•». 

'I'n  extend  tlieso  calculations  to  other  region i*.  we  have  merely  to  take 
nc<>i>iii)t  of  the  dccrea>c  of  tlio  temperature  of  the  earth,  in  proiHirtiuii  as  the 
hifitmli'  iiion*a*os.  ( Vidt-  CompUt  rcmint  rtc  fActnt.  dcs  St'.t-uct'*.  t.  vii.  p.  bZ 
[Kl"].  :in<i  /.Vf'wii  *i.'>  dr  Pht/fii/ur.  t.  \\.  y   '>.'*'«,  and/';;.  377.) 

M.  Ai(\(.t>  litviii;;  fiiund.  in  tiie  ivlation  of  t lie  voyage  of  Capt.  1)ji«'K. 
thuT  at  >\«rt  itolianoi.'  tho  thi'niioiuftor  doscondod  to — A'*".",  ouncludtrd 
that  iJio  teiiiiK>rutniv  «»f  colo-tial  <ii>ace  could  not  fail  to  be  iiotahly  lowei 
tliuii  — M'.    (Cu,rpU\  iCncvi  df  t'.UatJ.  (U't  bciCHCctt  t.  ii.  p.  57if  IsJo.)— M. 
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wlwB  ibt  fky  ]»  dooded,  and  sensibly  fkUs  as  soon  as 


Tbe  MBBiiuuy  of  obsenrBtk>iis  accords  with  these  isolated 
If  in  aa  isolated  month  we  take  the  mean  of  the 
days  and  of  tiie  dondy  days,  we  find  a  notable  dif- 
betireett  these  two  numbers.  In  winter,  the  cloudy 
d^fs  aie  sereral  degrees  hotter ;  in  summer,  it  is  the  reverse. 

Una  diflbttDee  between  the  two  seascms  results  from 
we  hvre  said  of  the  absorption  of  calorific  n^  by  the 
le,  and  (p.  24)  from  the  ranee  of  heal  in  these  two 
In  srnnmer,  as  in  winter,  uie  earth  loses  by  ra- 
one  part  of  the  heat  that  it  has  reoeiyed  from  the 
bat  in  sommer  it  receives  much  more  than  it  loses. 
Ahhasidi  the  daric  calorific  rays  are  relatiYely  much  more 
thmmi  than  the  others,  yet  the  heat  recdyed  is  greater 
than  tibe  heat  emitted ;  but  if,  during  summer,  the  sky  ia 
dondBdy  thore  is  a  fall  of  temperature.  In  winter,  on  the 
oontniy ,  Ae  earth  becomes  genendly  cold,  the  loss  due  to 
noetnraal  radiation  at  night  being  greater  than  the  heating 
by  solar  aetion.  But,  as  clouds  oppose  radiation,  and  reflect 
baek  to  the  earth  a  portion  of  the  obscure  rays  that  it  cmit8, 
there  ia  an  eleyation  of  temperature  in  dondy  weather. 
Add  to  this,  that  the  vapours  precipitated  during  winter  are 
at  a  much  less  height  than  in  summer,  and  that  the  latent 
heat^  whidi  becomes  free  at  the  moment  of  thdr  con- 
densation, may  act  on  the  ground. 

Tbe  fiill  of  temperature  that  is  noticed  in  summer,  when 
the  sky  is  douded,  is  still  more  considerable  when  it  rains ; 
then,  not  onl^  are  masses  of  water  predpitated  from  the  hi^h 
and  cold  rq^ions  of  the  atmosphere,  and  notably  reduce  tne 
temperature  in  virtue  of  their  great  capacity  for  heat,  but 
this  water,  in  evaporating,  again  absorbs  a  notable  quantity 
of  heat,  which  it  takes  from  the  earth  and  air  that  are  in 
contact  with  it.  Hence  arises  the  cold  that  is  observed  after 
rain-storms.  If,  in  like  manner,  we  study  a  long  series  of 
observations,  we  shall  find  the  evident  difierences  of  tempe- 
rature that  exist  between  the  rainy  and  the  dry  months  of 
winter  and  summer :  every  one  remembers  the  rainy  and 
cold  summers  of  1833  and  1838,  the  serene  and  hot  summer 
of  1834,  the  mild  and  rainy  winter  of  1833-4,  as  well  as 
the  clear  and  cold  weather  of  that  of  1829-30. 

Within  the  tropics,  the  influence  of  the  state  of  the  sky 
over  the  temperature  is  especially  remarkable.  The  me- 
ridian height  of  the  sun  varying  but  little  in  these  climates, 
the  rains  are  the  more  immediate  cause  by  which  the  raugc 
of  temperature  is  regulated, — a  range  totally  difiercut  from 
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that  which  takes  place  in  our  rlimatffi  When  the  sun  it 
very  far  from  the  zenith,  that  is  to  saj,  when  it  is  in  the 
northern  hemisphere  during  the  months  <tf  December  and 
January,  the  temperature  is  relatively  veiy  low.  In  mo- 
portion  as  the  meridian  height  of  the  sun  increases,  the  iicat 
increases  also,  and  would  go  on  increasing  without  rcawHun 
until  the  sun  is  at  the  lemth ;  but  then  the  rain  commfiKW 
and  the  heat  diminishes ;  and  it  is  not  until  later,  when  the 
sun,  having  passed  the  zenith,  is  in  the  other  hemisphae,  thai 
there  is  an  increase  in  the  temperature,  which  attains  its 
foaxirnvm  when  the  rain  is  about  to  cease,  and  then  dimi- 
nishes to  attain  the  minumtm  of  which  we  have  spcdcen. 
Thus,  while  in  our  climates  the  temperature  has  one  wdm* 
nmm  and  one  iiuiztnianii,  two  maxinui  and  two  mmuma  occur  in 
hot  countries.  The  two  latter  are  one  in  the  middle  of  the 
^  dry,  and  the  other  of  the  wet  season,  when  the  zenith  diirtanee 
of  the  midnday  sun  is  as  great  as  possible.  Hie  two  maxmm 
occur  at  the  beginning  and  the  end  of  the  wet  season.  Each 
locality  within  the  tropics  presents  a  different  range  of  tem- 
perature :  the  minimum  is  an  instantaneous  effect  of  rain, 
but  which  lasts  only  a  short  time,  or  else  remains  for  seveial 
months,  without  any  very  notable  mopcimum  afterwards 
following;  because,  as  the  sun  recedes  from  the  zenith,  the 
heat  diminishes. 

Among  the  great  many  places  situate  within  the  tropics, 
where  I  find  the  confirmation  of  what  I  have  just  said,  let 
mc  mention  three  cities  in  India.  In  the  following  table  I 
give  for  each  of  them  the  quantities  of  rain,  and  uie  mean 
monthly  temperatures ;  the  last  column  presents  the  sum  of 
the  monthly  quantities  of  ^vater,  and  the  mean  of  the  tem- 
'Dcratures : — 


1 

1 

i 

i 

0,0 
67,S8 

130,84 
16,24 
d7j,24 
338,38 
311,81 
254,91 
42,86 
20,30 
0,  0 

1 

1 

f.-.1».«!."'."!.=i.«.-.'*". 

s 

i 

18,05 
2,26 
11,28 
9,02 
33,84 
22,56 
74,44 
99,26 
110,54 
311,31 
354,17 
191,75 

s. 

i 

1 

1 

26°,6 
27,7 
28,4 
29,8 
28,6 
26,6 
25,8 
26,0 
26,4 
26,8 
26,9 
26,5 

2 

2,26 
2,26 
6,77 
29,33 
175,96 
794,05 
807,59 
572,98 
311,31 
157,91 
65,42 
29,33 

i 

1 

ai.1MllVti.r      '   L       ii 
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Anjarakandj  is  situated  on  the  coast  of  Malabar,  between 
12^  and  13°  of  north  latitude;  Madras,  on  the  contraiy, if- 
on  the  west  coast  of  Hindostan,  in  13°  of  latitude ;  Calcntta, 
in  an  angle  of  the  gulf  of  Bengal,  at  22""  30'  In  all  these 
places,  the  minimum  of  temperature  is  in  December  or  Ja- 
nuary, when  the  sun  has  attained  its  greatest  xenith  dis- 
tance. This  fall  of  temperature  is  more  sensible  at  Calcutta, 
because  the  distance  of  the  sun  from  the  zenith  is  idatiTely 
greater  for  this  city  than  for  the  other  two.  As  soon  as  the 
sun  rises  the  heat  increases ;  but  in  April,  the  directioa  of 
the  monsoons  changes  (p.  42).  The  S.W.  wind  aocnmu- 
latcs  clouds  on  the  coast  of  Mdabar,  and  the  abundant  rains 
that  are  discharged  reduce  the  temperature;  the  iwitwioti 
takes  place  in  April.  In  July,  when  the  rains  are  very 
heavy,  we  find  another  mirdmtun  at  Anjarakandy ;  and  tltt 
thcrmometric  mean  is  less  than  in  January.  Calcutta  is 
much  under  the  influence  of  the  monsoons;  but  as  these 
"^-inds  do  not  pass  over  a  great  extent  of  liquid  surfiice,  and 
do  not  meet  with  chains  of  mountains  so  abrupt  as  those  in 
the  neighbourhood  of  Anjarakandy,  the  rains  are  not  very 
abundant.  The  heat  increases  until  the  end  of  IMay,  and 
does  not  fall  until  after  that  time ;  but  it  never  attains  so 
low  a  mean  as  that  of  Anjarakandy,  because  the  rains  are  not 
nearly  so  heavv.  In  autumn,  the  rains  cease  on  the  coast  of 
Malabar,  and  tlie  heat  increases ;  and  at  the  end  of  October, 
when  the  sun  again  begins  to  act  with  force,  we  find  a 
second  maximum,  after  which  the  temperature  falls  again 
until  the  month  of  January.  This  maximum  docs  not  exist 
at  Calcutta ;  for  in  autumn,  while  the  N.E.  monsoon  dears 
the  sky,  the  sun  gets  further  from  the  zenith  than  in  ])laces 
situated  near  the  equator,  and  the  length  of  the  nights  in- 
creases. "When,  by  the  S.W.  monsoon  the  rains  are  abund- 
ant on  the  west  coast  of  Hindostan,  less  rain  falls  at  Madras, 
and  the  temperature  rises  until  June.  It  is  not  until  the 
mouth  of  July  that  clouds  sometimes  traverse  the  table- 
land ;  the  rains  then  increase,  and  there  is  a  fall  of  tempera- 
ture, at  first  insensible,  but  which  is  notable  during  the 
torrents  of  rain  that  fall  in  the  months  of  October  and 
Novcml)er. 

It  is  evident  from  what  we  have  just  seen,  that  the 
countries  with  a  rainy  climate,  situated  between  the  tropics, 
have  a  mean  temperature  lower  than  countries  with  a  dry 
climate.  This  difference  is  Ver\-  sensible  on  the  west  coast 
ot*  South  America.  In  the  neighbourhood  of  the  equator, 
from  the  bay  of  Cupica  to  the  gulf  of  (luayaquil.  it  rains 
ahiiost  the  whole  ol  the  year ;  and  according  to  the  excellent 


■  TZUrSBATDBZ. 


ISO 


a  of  M.  BoiwainskTiit,  the  mean  tcmpcintiirc  ia 
wily  about  SB".  More  southward,  at  Payla,  where  rains  are 
nre,  ■■  also  on  the  east  coast  at  Ciunaoa,  the  mean  u  above 
97°,  ahbov^  these  pointa  ore  fiirth<ic  from  the  equator 
fliB  tfM  proccdiiiff* 

nnrumraa  or  yntmn  otbr  tbmpbkatdkb, 
— >TC^<»e  faaa  experienced  in  winter  that  the  south  winds 
an  mim,  and  the  north  cold.  Hut,  if  we  wish  to  airiTe  at 
Mon  rigorans  Tesnlla,  it  becomes  indiapensable  to  inquire 
lAst  tbe  tanperatnie  is  during  different  vinds.  In  order 
1»  a  raid  tbe  disturbing  infloences  of  diurnal  and  annual 
Titfalioyi,  we  dull  employ  the  method  that  we  have  already 
antti  me  of  fbr  Tapours  (p.  97).  Contenting  ourselves 
Willi  the  Kmusl  means,  ire  obtain  the  Ibllowing  results ; — 


S  TmpnuTuu  roa  thb  jorrMMEm  wnros.* 


WI«. 

u^>,. 

nA«n<=H 

HALLB. 

.^r. 

MOSCOW. 

ITOCKI.H. 

N, 

S°.H 

7",75 

7-%50 

U\V. 

0°,59 

3<',74 

N.K. 

10^3 

7,75 

6,89 

!t,55 

-0,68 

5,31 

K. 

11  ,03 

a,7s 

7,39 

10,10 

2,T8 

8,23 

SJL 

11  ,97 

9,13 

9,M 

10,64 

3,91 

9,41 

a. 

11,32 

10,13 

10,87 

12,44 

4,14 

8,78 

S.W. 

11,77 

10,62 

10,31 

12,62 

3,31 

10,42 

9,88 

9,66 

10,40 

3,30 

7,21 

K.W. 

9,86 

9,12 

7,38 

9, .53 

1,04 

3,13 

(Pas  Appendix, J%-.  17). 

Wa  camtot  deny  that  these  numbers  contain  more  thaa 
eoa  anomaly;  faowerer,  they  shew  very  evidently  that  the 
asffth  winds  bring  a  very  low  temperature,  compared  with 
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that  which  accomponieB  south  windi.  Hie  ttemametcr 
rises  yenr  r^galariy,  when  the  wind  tiinii  from  north  to 
south.  K  we  desire  to  establish  the  law,  which  expvaMS 
the  relation  existing  between  the  dizectioii  of  the  wind  and 
the  temperature,  or  in  other  words,  which  are  the  eoldert 
points  of  the  horizon,  and  what  are  the  oorvespondiQg  de- 
grees of  temperature,  we  shall  oonstmet  the  fbU^ring 
table : — 

WnCDS  WITH  EXTREME  TEMPERiLTURSS. 


CoUiett  Wind. 

Hottest  Wind. 

Dlifemet. 

London  .    . 

N. 

S.  12°  W. 

2°,79 

Hamburg    . 

N.  30*'E. 

S.  16  W. 

2/;o 

Halle.    .    . 

N.  30  E. 

S.  17  W. 

3,81 

Pesth.    .    . 

N.  16  W. 

S.  11  W. 

8,07 

Moscow  .    . 

N.  19  E. 

S.  42  W. 

4,84 

Stockholm  . 

N.    2E. 

S.  26  W. 

6,14 

Thus,  almost  every  where  the  coldest  vnnd  blows  in  a 
direction  between  north  and  east;  the  N.NJI.  wind  may 
hence  be  regarded  as  the  coldest  vrind.  Buda  is  a  remark- 
able exception  to  this  law ;  although  the  number  correspond- 
ing to  it  is  doubtless  connected  with  some  anomaly.  The 
hottest  vrind,  in  all  places,  blows  verjr  nearly  from  the 
S.S.W.  In  proportion  as  we  i)enctrate  into  the  interior  of 
the  continent,  it  approaches  nearer  to  the  west 

These  influences  are  sensible  throughout  the  entire  year; 
however,  they  are  most  marked  in  winter.  The  direction  d 
the  wind  also  depends  on  the  seasons ;  for,  while  in  winter 
the  coldest  and  the  hottest  winds  almost  coincide  with  the 
!N.E.  and  the  S.W.  we  find  in  summer  that  they  are  the 
N.N.W.  and  the  S.E. 

Like  as  there  exists  a  diurnal  variation  in  the  quantity 
of  vapour  dependent  on  the  rotation  of  winds  discovered  by 
M.  Dore,  so  does  there  exist  an  analogous  thermometnc 
variation.  The  following  table  contains  the  results  of  ob- 
servations made  by  myself  at  Halle ;  I  chose  the  hours  of 
morning  and  aflernoon,  when  the  temperature  is  equal  to 
the  mean  of  the  different  months ;  and  tne  hours  of  two  and 
three  o'clock,  which  are  those  of  the  diurnal  tmiThnum,  The 
si^ns  +  and  —  indicate  that  the  quantities  found  are  above 
or  Ik»1ow  the  mean  of  the  whole  of  the  ol)servations.  The 
last  line,  marked  variation^  gives  the  difference  between  the 
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of  three  obeermtioiifl  made  in  the  moming  and  three 
in  the  evening.  The  sign  +  indicates  that  the  ther- 
ter  xiaea.  the  sum  —  that  it  fidls.* 


«  Daring  tb»  wlnttr  of  th*  arctic  poUr  rcgioni^  th*  ■on  being  below  the 
rtaoB.  and  no  Ipnger  beating  the  air  main  any  great  dlitance  of  the 
tka  wiMra  the  ubiernlluna  are  being  made,  it  it  of  Tory  little  oonae- 


In  eaClniatfaig  the  temperatore  of  any  partieolar  wind,  to  know  whe- 
It  eomea  flmn  the  eqoator  or  IhMn  the  ptMe ;  but,  on  the  other  hand.  It 
k  of  great  hnpertance  to  be  able  to  ■»  whether  the  wind  blowi  firom  the 
open  aen  or  fraoi  the  Interior  of  coontrue.  We  here  give  the  thennometrio 
cwi  ef  wtaide  at  BeedMp  (let.  69*  MO.  during  the  period  of  the  ran'!  abMnce, 
thallik  from  Mofmaber  15,  to  February  1  :— 


ffos  THB  DimuaT  WmM  AX 


:or. 


V. 

-  5»,a6 

NJB. 

-  6.92 

B. 

-10,35 

8JB. 

.-H  .«« 

8. 

-  5.69 

8.W. 

-  1.68 

W. 

-  2,28 

N.W. 

-4,68 

Calm. 

-  6,92 

TIm  arrangement  of  aeae  and  continents  around  the  North  Cape,  and  the 
tvmeratiire  of  the  tea,  which  it  much  higher  in  winter  than  tliat  of  the 
imm,  eiqtlain  the  anomalies  presented  by  the  preceding  table. 

The  passage  of  the  land-breeze  into  the  lea-breeze  bringi  about  rapid 
ekaiwsa  m  the  temperature.  At  the  moment  when  the  wind  changes,  our 
iilieei  lellmii  shew  that  an  intenral  of  six  hours  is  sufflcient  to  obtain  a 
change  of  fimr  degrees  one  way  or  other  in  the  temperature. 

It  is  prtrfMble  that  an  accidental  cold  pole  is  then  formed  in  the  interior 
of  Lapland,  doubtless  situated  at  the  8.E.  of  the  North  Cape ;  and  this  ex- 
plalna  the  predominance  of  8JB.  winds  in  Finmark,  during  the  winter  of 
llils  eoontry. 

These  interesting  results  are  extracted  from  the  Immense  meteorological 

Istara  of  the  hybemating  members  of  the  CommlMion  of  the  North,  by 

[  of  them,  M.  ▲.  Bbatais.— M. 
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If  wo  confine  oitrwlvcs  to  comiwring  the  degrees  of  this 
taMf,  that  an;  oliscrved  in  tht  nioniiiig  nnd  c-M'iiinjf.  wilh 
tlic  hciurs  of  lliL-  mean  tcn.pcmtiire  of  the  Jny,  m'  Auill  find 
thiit  till:  theniiouietc-r  Elifl  lulls  a  little  during  thv  north 
wiud ;  for.  vrldlc  thu  wind  i»Est»  rv^lirly  from  the  north 
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Id  the  N.E.,  it  is  only  at  the  X.N.E.  that  it  comes  from  the 
Ciddest  point  of  the  horizon :  the  temperature,  therefore, 
alvays  tails  until  it  blows  in  this  direction.  With  the  N.E. 
tte  tnenQometer  rises,  because  the  wind  is  tending  to  turn 
to  the  eMt»  which  is  not  so  cold,  until  it  blows  from  a  point 
te  If  intermediate  between  the  south  and  the  S.W.,  a 
loint  from  which  the  hottest  wind  comes.  The  thermo- 
■etar  If  tfafn  statioDary ;  but,  if  it  passes  to  the  west  or 
S.W^v  it  comes  from  colder  countries,  and  the  consequent 
iiniiiuliana  of  temperature  are  observed  in  the  course  of 
tbeday. 

Hw  ftcta  that  we  have  related,  prove  that  the  same  law 
ocean  in  the  gnsiter  portion  of  Europe.  The  cause  is  easy 
of  con^nliennoii:  the  winds  preserve  a  part  of  the  propor- 
tlea  tw  IlieT  have  brought  uom  the  countries  they  have 
ttsvened;  uerefoire  it  is  that  the  north  are  colder  than  the 
■cmth  wiidii  Bat  we  shall  see  presently  that  the  coldest 
Cimirtriei  an  not  situated  at  the  north,  but  at  the  NJB.  or 
the  N.W.  However,  we  must  pay  attention  to  the  position 
liideh  Ihapilacef  occupy  in  Europe ;  for  while,  daring  win- 
toTf  tlio  8w  W.  winds  bnnff  us  a  moist  and  warm  air,  that  is 
<MP|Bd  to  the  cooling  of  the  earth,  their  temperature  must 
Wl^lfMr  than  that  of  the  south  cootinentar  winds,  which 
fiAn  AvoBr  radiatian.  Inversely,  east  winds  contain  less  of 
Ite  Ti^oar  <^  water,  and  the  temperature  is  lowered  by  the 
cold  dne  to  evaporation.* 

All  that  pieoedes  is  a  further  confirmation  of  this  truth, 
tliiit  bk  Meteorology  no  phenomena  is  isolated ;  all  act  and 
leact  on  each  other.  Scux^ely  does  the  S.W.  wind  blow  in 
ov  eoontries  than  it  acts  on  the  temperature,  not  only  by  its 
beot»  bat  also  bv  the  vapours  that  it  brings  and  the  state  of 
^kj  whkh  results  from  them.  In  winta:,  the  moist  west 
wmdf  are  remarkably  warm,  because  they  cover  the  sky 
'osth  ekudfl,  and  thus  oppose  terrestrial  radiation ;  in  sum- 
mer they  axe  fresher,  for  they  prevent  the  rays  of  the  sun 
from  reaching  the  earth.  Thus  in  winter  the  coldest  'wind 
blows  fiom  the  N.E.;  in  summer,  from  the  N.W.  The 
wind  in  summer  is  the  S.B. ;  in  winter,  the  S.W. 


prlntiiig  hit  Comrse  on  Meteort^oof,  M.  Kaekts  has  published  a 
on  th«  reunions  that  exist  between  temperature,  pressure,  and  the 
dhtotloa  of  the  wind.  This  work  appeared  in  M.  ScunnACHn's  Annuaire 
ftr  1141.  He  ahewi  that,  under  the  influence  of  certain  winds,  there  exist 
imifmrmrp  pola  qf  cold.  Thus  on  January  29  and  February  4,  1)^7,  there 
wm  Mft  MMwnahnis  distribution  of  temperature  in  Europe ;  the  cold  pole 
Mtaf  ia  tiie  nelg^iboorhood  of  Konigsberg,  when  the  tonperature  was 
CMS  briofw  the  mean  of  January.  The  following  table,  in  the  first  colunm, 
i  tb*  mean  temperature  of  this  period  of  five  days,  and  in  the  second 
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hjf'.a    -.m--J 


164 


DUTBIBUnOH  OF  ISMFXIATimB. 


Another  phenomeiion  is  eonseqiient  on  tlie  ptwieiling.    If 
in  the  ahoye  table  we  look  first  for  the  Imwi  of  dinznal  ▼•- 


column  the  number  of  degrMS  wUch  thb 
(  -)  the  mean  of  Jannsry  :— 


(+) 


BIxAir 

Cinzs. 

TBHriaATOBa. 

aceoitUng  to  tlw 
MM&of  Janoafy. 

Stntgard 

+  0P40 

+  «»JT 

Viennm    .    . 

-3^ 

-CM 

Prague    .    . 
Hioie  .    .    . 

+  1.7» 
+  0,07 

Berlin     .    . 

-.4,09 

-  130 

Stettin    .    . 

-  6^ 

-  tJBX 

Dantdc   .    . 

-  8,71 

-  4,45 

Konigaberg 

-11,07 

-  6,90 

Memel     .    . 

-11,90 

-6,M 

Stockbohn  . 

-  6,81 

-  t,04 

Petersburg  . 

-  7,74 

+  t.IO 

Warsaw  .    . 

-10,80 

-  4,M 

Cracow    ,    . 

-lO^M 

-  S^ 

Odeasa     .    . 

-  »,64 

-  7,04 

The  poaition  of  these  poles  is  intimatdj  connected  with  the  dlra^kn  at 
the  wind ;  and,  by  combining  a  great  number  of  obeerrationa,  M. 
found  that,  in  winter,  when  the  east  wind  is  blowing  at  Halle,  the 
ture  of  all  continental  Europe  is  abore  the  mean,  and  the  pole  of  ooldl 
the  neighbourhood  of  Warsaw.  It  then  occupies  the  middle  of  an  eDtoCle 
surface,  ctmtaining  the  cities  of  Koniflsberg,  Dantalc.  Berlin,  Dtssmb, 
Breslau,  Cracow,  Minsk,  and  Wilna.  Halle,  where  the  author  made  Us  ob- 
servations, is  found  on  the  limit  of  this  sonc.  In  this  region  the  i 
is  at  about  5*  below  the  mean  of  this  portion  of  the  year.  In  a  aeoond : 
concentric  with  the  first,  in  which  are  contained  the  towns  oi  Biga, 
burg.  Hanover,  Prague,  Lemberg,  Kiou,  and  Smolmuk,  the  temperatnre  Is 
4**  below  the  mean.  In  a  third  lone,  in  which  we  obserre  tM  towns  «f 
Kevcl,  Gottcnburg,  Amsterdam.  Brussels,  Stutgard,  Munich.  Vienna,  Pastt. 
Ode&ta,  Charkow.  Moscow,  and  Novogorod,  the  temperature  is  matntalnaa 
at  3^  bolow  the  mean.  A  very  narrow  lone,  comprising  Petetabarg,  Hid- 
8in(tfon«.  Stockholm,  Christiania,  London,  Lille,  ttouen,  Paris.  StzaaboiK 
Baffle.  Trieste,  Bucharest,  the  Crimea,  enjoys  a  temperature  wldch  is  el^f 
2"  bcluw  the  mean.  In  a  fourth  xone,  comprising  Shetland,  Edinbnr^ 
Manchester,  the  centre  of  France,  Lyons,  Milui,  Venice,  and  Belgrade,  the 
temperature  Is  not  more  than  1^  below  the  mean.  Finally,  a  n^ien,  veiy 
irremilarly  bounded,  containing  the  Hebrides,  Ireland,  the  county  of  Con- 
wall,  Brittany,  Nantes,  Bordeaux,  Toulouse,  Barcelona,  ManeilteSk  Genoa* 
Corsica,  Florence,  Rome,  Naples,  and  Ragusa,  enioys  a  temperatnre  wUA 
is  equal  to  the  mean  of  these  different  points.  Thus,  as  we  sec.  In  foinc 
from  Warsaw  as  a  centre,  and  directing  ourselves  along  any  radios,  we  Una 
temperatures  that  increase  as  we  go  toward  the  north  or  toward  the  east* 
a5  well  as  when  we  go  toward  the  south  and  toward  the  west. 

These  poles  are  not  permanent,  but  are  continually  displaced,  aceordlag 
to  the  changes  in  the  direction  uf  the  wind  and  variations  in  atmospherie 
prcsiture.    Thus,  from  January  12  to  19,  1838,  this  polu  was  at  Halle. 

When  the  winds  blow  from  the  west,  the  temperature  of  continental 
Europe  is  below  the  mean  of  the  month,  and  a  pole  of  heat  situated  at  the 
<.-ast  of  Halle,  and  in  the  centre  of  a  zone,  comprising  the  towns  of  Memel, 
Warsaw,  Dantsic,  and  Konigsberg,  replaces  the  pole  of  cold  of  the  eaal 
winds.— M. 
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mtioa  of  temperatore,  according  b>  the  different  windi;  if 
we  then  nibttact  the  hourly  lemperatnre  of  the  mean  of  two 

and  three  o'clock,  and  compare  thetedifferencea  with  those  of 
the  temperaturea  of  S,  9  and  10  a.  m^  and  7.  8  and  9  r.  u., 
mutually  compared,  we  shall  not  find  any  connexion  between 
these  three  groups.  Thus,  with  the  S.E.  wind,  we  find  all 
increase  of  heat  from  morning  till  evening ;  it  is  Teir  con- 
siderable at  the  moment  of  iwLnniuni  diurnal  heat;  and  from 
thja  moment  the  temjwrature  goes  on  rising  until  erening. 
The  reverse  ocean  with  the  N.W.;  for  the  difference  from 
the  mean  diminishes  from  morning  till  mid-day,  and  then 
increases.  This  fact,  which  at  first  sight  seems  to  contradict 
what  we  have  said  respecting  the  influence  of  the  rotation  of 
the  wind,  is  intimately  connwted  with  the  state  of  the  skv : 
for,  with  the  S.E.,  the  sky  is  generally  clearer  j  with  tne 
N.W.,  on  the  contrary,  it  is  generally  more  clouded  than  ia 
the  mean  state.  In  tne  former  case  there  is  a  more  ener- 
getic influence ;  in  the  latter,  a  less  marked  e&O,  on  the 
part  of  the  sun ;  an  effect  that  is  felt  the  most  at  the  period 
of  the  maxmum  of  the  diurnal  temperature.  This  fact,  that 
the  coldest  wind  comes  from  the  countries  of  the  north,  the 
hottest,  on  the  contrary,  from  the  sea,  occurs  also  on  the  east 
coasts  of  the  continents,  as  is  proved  by  observations  made 
«t  Cambridge  in  Massachusetts,  and  at  Pekin  in  China. 

What  we  have  hitherto  said  is  sufficient  to  enable  us  to 
raecwnise  the  cause  of  the  anomalies  presented  by  the  an- 
niuu  range  of  temperature.  The  months  during  which  the 
■outh  winds  prevad  will  have  a  different  temperature  from 
that  of  the  same  months  during  a  year  when  north  winds 
have  predominated.  If  winds  nave  blown  long  from  the 
we^  and  are  replaced  bv  those  of  the  east,  a  corresponding 
change  is  observed  in  tne  temperature.  But,  it  might  be 
Mud,  the  greatest  difference  between  the  hottest  and  the 
coldest  wind  is  not  10°,  and  yet  the  hottest  and  the  coldest 
day  of  each  month  differ  by  a  much  greater  quantity;  it  is, 
therefore,  impossible  that  the  causes  mentioned  atiove  can 
explain  this  phenomenon.  First,  ne  roust  not  forget  that 
winds  have  not  always  their  normal  temperature ;  then 
that  there  is  frequently  no  prevailing  wind ;  local  differences 
of  temperature  cause  the  vane  in  one  locally  to  be  directed 
toward  the  south,  while,  in  a  place  not  far  distant  from  the 
former,  it  is  turned  toward  tbe  north.  If  the  temperature 
of  these  two  points  approaches  the  mean,  and  one  is  ranged 
in  the  column  N.,  and  tbe  other  in  the  column  S,,  each 
of  these  figures  will  be  somewhat  removed  from  the  truth. 
Moreover,  the  temperature  that  accompanies  each  wind  b 
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compomided  of  its  proper  heit,  nd  of  tiMl  ofil»dr  vlidk 
was  at  rest  before  it  eommfnceci  blowing.  Ou||mmb  HM  k 
winter  we  have  had  a  rocociMon  of  TB17  'mni  imt  vU^ 
and  that  the  wind  raddenlj  numn  to  the  OMt»  tilflR  wfll  li 
a  fall  of  temperature;  but  theheatof  IhegRMndaaddtaft! 
of  the  air  will  concur  in  making  the  themiometar  ~~~  ~ 
that  it  will  indicate  a  higher  temperatine  thtti  tliit; 
to  the  east  wind. 

These  anomalies  are  TeryfipeqiientljfiirliKr 
by  the  state  of  the  tk^j  especially  in  winter, 
mena  are  obserred  wmch  are  in  eontndiatiQii  to 
have  said  respecting  the  inflnenee  of  winds :  tUs  _ 
happens  wh^  continncd  S.W.  winds  SMtein  thie 
of  the  temperature.    With  west  winds,  iHiether  the  ricvli 
serene  or  doody,  if  the  wind  passes  to  the  aortk  maM, 
thick  clouds  oppoee  terrestrial  radiatiaa;  the  tlianMNMte 
does  not  then  fall  under  the  influence  of  chaoBe  of  wU;  ft  , 
remains  stationaiy,  and  sometimes  it  even  risei.    WImm  Al 
barometer  fiills  rapidly,  and  the  wind  passes  seddaily  totts 
S.E.  or  the  south,  the  sky  becomes  dear;  and,  inefeniiC 
heat,  an  intense  cold  follows.    The  high  temperatare  «f  As 
wind  is  manifested  in  the  upper  legionB  of  t£e  atOMMdHn; 
by  dissolving  the  douds,  it  fiivours  terrestrial  imikL. 
But  the  heat  is  soon  propagated  to  the  lower  strata  of  As 
air,  and  finally  to  the  ground ;  the  sky  is  eovcied  irift 
cirrus  and  ciuinilKf^  and  twenty-four  hoozi  aftomaids  tte 
thaw  commences.    The  suocession  of  these  phenoniCBaMf 
be  observed  every  winter;  and  it  follows  that  the  luA 
wind  is  attended  by  too  high  a  thermometric  staler  the  waA 
wind  by  too  low  a  temperature.* 

«  In  the  M€moint^tke  J€miem99fBerl^toe  IS40  Hia  1841,  M.  HSU 
pablidMd  a  larva  wotIl,  entitled.  Ueber  die  tdeki  jferiotkekm  Aeatnwmm 
dtr  Temperalmniktammg  tnff  dSrr  ObtrJIaetke  4er  Er4e.  It  cnanfiM  fte 
Integral  eomprlMd  between  ITSS  Mid  189».  The  plMei  rftarted  tai  tt»  «»• 
plcal,  temperate,  and  oold  paita  of  Europe  and  Amerlee,  ef^ 
the  thennooietric  eerlet,  are  191  in  number. 

The  foOoiwinff  are  the  reaoHs  to  wUeh  M.  Dots  wee  Wd:^ 

lat.  Tlie  earth  reeetveo  the  aame  quantUgr  of  heat  eaek  jen 
orer  its  earlkce  differently  for  each  year. 

Sd.  The  tropical  atmoiiphereof  the  Indian  aeae  doea  not  appear  to  awe 
a  marked  inflaenoe  over  the  atmoepherie  modlfleatioae  of  Enropa. 

3d.  The  thermometric  conditions  of  the  rtsion  of  trade  winds  oTthe  At- 
lantic Ocean  are  rery  closely  connected  with  the  meteorologleal  rtiingw  ef 
the  temperate  aooe  contigaoas  to  It. 

4th.  TheooMs  of  winter  are  generally  propaeatad  from  notth  to  i 
imnsaal  heats  march  in  an  oppoeite  direction. 

Mh.  Analogous  atmosphenc  states  are  more  freqasotly  fcmid 
same  meridian  than  onder  the  aame  parallel.    Thna,  In  Deeoaabar  ISS^  the 
cold  was  Intenae  at  Berlin  and  Paris,  aensible  at  Kaaan,  vary  moda 
Irkutsk,  while  an  nnasaal  heat  previdled  in  Korth  Ameilaa.    The 
of  1794^  ealebntai  bj  the  oonqoMt  of  BollBDd,  and  that  of  ISOS^  ■•  I 


167 

EZniBMBe  OF  TEMFESATDSE  OBBEBVSD  IM 
VIFFERSNT  PLACBS. — Alan  13  able  to  Support  extreme 
degrees  of  temperature,  nhicb  no  animal  can  resist.  In  the 
burning  deserts  of  Africa,  and  iii  the  frozen  regionn  of  the 
pole,  obscn-ationa  have  been  made  on  this  subject.  We  may, 
therefore,  inquire  what  are  the  extreme  degrees  that  have 
been  noted.  An  indication  of  this  kind  is  alwaja  approxi- 
mative ;  for,  on  the  one  hand,  the  abscrrer  docs  not  alwkva 
consalt  the  instrument  at  the  moment  when  it  attaiiu  its 
naximum  or  imsimiim ;  and,  on  the  other,  a  host  of  little 
eirciimstances,  apparently  indilfercnt,  exerobe  a  great  in- 
fluence over  tlie  result.  A  (plater  or  less  pro:rimit3'  to  the 
ground,  or  a  little  dnst  on  the  bulb  of  the  tbennometer,  ia 
■nfficient  to  change  its  indications.  Can  we  then  be  Mt»- 
iiisbed,  after  this,  that  observers  have  obtained  nnmben 
differing  to  much  from  cacb  other ! 

Thna  we  read  that.  In  the  polar  regions,  Uie  mercoi^  baa 
often  remained  frosen  for  whole  weeks ;  and  as  it  solidiiies 
at  tbe  temperature  of  — 39°,5,  we  must  conclude  that, 
daiing  this  period  the  temperature  was  below  ^-40*'.  Tbe 
following  taUe  contains  the  lowest  and  tbe  highest  temper- 
ature observed  in  different  places.* 


17*0-1,  which 


iqHc*.    On  the  eontavrr.  t 


luTB  tatcrpoUlAl  Into 


ilyt^v^^eJ 


Xfmmt  if  Itrmrolag/eal  Gtierraliom  nixCral 
UH  TtHrtfll"  Ciimalmf  Ilaljl,  bj  M.  ScBocw. 

The  Icwiu  vhoee  eilremF  lemiKnluns  I  tuia  intarpoliUd  tit,  for  tbe 
Ubie  or  mMma  wtaXM-nlan,  Aiheni.  Plonii»,  Rome.  Flm.  CumiOon. 
Loccft,  Hlee,  MIUn»  MonlpclJitr.  Bolofltu,  Turin,  Ghu-lvADim,  PaHi, 
Boeakop.  Wuhlngton.  Montreal,  ■nd  Bwigor.  I  hin  added  to  that  at 
mvima  lempenlarc  the  fullooing  towns :  Paleima.  PU«,  CeglUri,  KtplMk 
fvU,  CMuU,  Locci,  Home.  Pivli,  Bolognis  ToilD.  Toon*,  MUw,  ud 


Snrinam     .... 
Ponciicherry  ,    .    , 

Madras 

Martinique     .    .    . 

Cbsrlestown  .    .    - 

liagdftd 

Cape  of  Good  Hope 

Athem 

Wuhington   .    .    . 

Borne 

Cambridge  (Mawachus.) 
Padua    .... 
Montpellier    .    . 

Nice 

Pisa 

Florence    .    .  . 

Camftjore  .    .  ■ 

llologna     .    .  . 

Jtangor  (U.  S.)  . 

Milan    '.'.'.'. 
MoDtreal    .    .    . 

London .... 
Ciimberltuul  Houie 
Copenhagen    .    . 
^to8covr      .    .    , 
Stockbolin .    .    . 


14  35 
30  -2 

32  40 

33  21 
33  55  8. 
36  12  K. 
37fia 
38  S3 

41  54 

42  25 

43  IS 
43  3G 
43  42 
43  43 
43  SI 
43  4G 

43  55 

44  30 

45  0 
45  4 
45  2S 
45  30 
48  50 
50    5 


2r,3 

31,6 
17,3 
17,1 
9,1 
— 17,» 

—  11,0 
Sfi 

*A 

—  4,0 

—36,6 

—  «,» 
—34,4 
— W,6 
—16,1 

—  9,6 
-6,3 
-8,9 
-Sfi 

—  «,7 
-•-16,9 
—40,0 
—17,8 
—15,0 
—87,3 
—28,1 
—27,5 
—11,4 
—4341 
—17,8 
—38,8 


S  DimKEKT  PI^CU. 


:Ubnidor) 

bura     ■    ■ 
>rd  (Iceland) 


II  52 

13  43 
1-131 

14  35 


35  IS 
30  2 
30  45 


43  36 
43  42 
43  43 


74  45 
G9  59 
65  30 


44,7 
40,0 
38,1 
35,0 
35,6 
43,1 
47,4 
40,2 
43,3 


35,4 
30,5 
33,7 


20,!) 

15  ,6 
16,7 


Humboldt. 

Le  Gentil. 

Roxburgh.     ■ 

Xiebubr. 

Chanvalon. 

Orta. 

Coutelle. 

Burckhardt 

Coutelle. 

Beaucbatnp. 

Schouw. 

111. 


Williams. 

Toaldo. 
Scbouw. 


Observatory. 

Strnodt. 
FrankliD. 


fti  In  Trobc. 
Ronnow. 

Vbd  Schccls. 

Ross.' 
Back. 
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Although  these  tables  are  far  from  being  complete,  thej 
vet  give  nsc  to  several  interesting  conmderations.  Xlie 
highest  temperature,  47^4,  was  recorded  by  Burekhardt,  it 
Esne,  in  Upper  Egypt,  during  a  chanuin.  The  lowei^ 
— «'>6S7,  was  experienced  by  Captain  Back  in  North  Ame^ 
rica,  %vben  he  traversed  this  continent  for  the  purpose  ef 
joining  Captain  Robb.  The  difierenoe  is  104^  Man  eu, 
thcrcibre,  supiK)rt  temperatures  differing  from  each  other  bf 
104^  that  is  to  say,  more  than  the  temperature  of  boiliif 
>\-ater  differs  from  \hat  of  melting  ice. 

We  also  recognise  that  the  variations  between  the  higher 
temperatures  are  less  than  between  the  lower.  Between  the 
highest  temperatures  of  £sne,  47^4,  and  Melville  Isle,  IJ^A 
there  is  a  difference  of  31^8 ;  whilst  the  lowest  tempentua 
at  Pondicherry,  21^6,  and  that  of  Fort  Reliance,  — 56"J, 
differ  by  78%3,  that  is  to  say,  by  double.  The  mean,  there- 
fore, inhigh  latitudes,  is  reduced  by  the  colds  of  winter. 

The  extremes  occur  in  the  interior  of  continents ;  the 
difference  is  less  on  the  coasts.  Xo  vo^Tiger  has  observed  in 
the  open  sea  a  higher  temperature  than  31°;  the  grater 
huiuKt  are  below  30  ^  and  consequently  lower  than  those 
wiiich  have  been  recorded  at  Petersburg,  In  the  interior  of 
continents,  the  minima  are  much  below  those  which  are 
found  on  the  coasts.  Compare  Cairo  with  Bagdad  and  the 
Ca]>e  of  Good  lloi^e,  and  London  with  Prague,  and  yon  will 
see  that  these  assertions  are  not  without  foundation. 

MARINE  AND  CONTINENTAIa  CUMATE8. — The 

cn]>acity  of  water  for  heat,  and  the  great  quantity  of  caloric 
that  lH>comes  free,  when  vapours  are  precipitatodTand  latent, 
when  liquids  pass  into  the  aeriform  state,  are  the  causes  to 
wliich  must  be  attributed  the  constantly  increasing  difTer- 
ence  between  the  temperature  of  summer  and  thatot  winter, 
as  we  leave  the  coasts  to  penetrate  into  the  interior  of  con- 
t incuts.  This  difference  increases  also  when  we  leave  the 
tropics  to  approach  the  pole ;  wc  must,  therefore,  chooK 
|M)ints  situated  very  nearly  under  the  same  latitude.  In 
marine  climates  the  means  of  winter  and  summer  ditlvr  bat 
little :  but,  as  we  advance  into  the  interior  of  a  continent, 
tliey  depart  from  each  other.  The  following  tal)lcs  contun 
some  of  these  determinations : — 
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SUMMEB  AND  WINTER  MEANS  IN  THE  BRITISH  ISLES. 


PLACES. 

WINTER. 

SUMMER. 

DIFFERENCE 

Fenw   ....'. 

3%90 

11°,60 

6%70 

Unst  Isle  (Shetland) 

4,05 

1 1  ,92 

7,87 

IdeofMan   .    .    . 

5,59 

15,08 

9,49 

Edmlmigh    .    .    . 

3,47 

14,07 

10,60 

Aberdeen  .... 

3,39 

14,57 

11  ,18 

Kmfanns  Castle .    . 

2,94 

14,17 

1 1  ,23 

Londoa     .... 

3,22 

16,75 

13,53 

LuMMter  .... 

3,58 

15,32 

11  ,74 

Kendal     .    .    .    . 

2,03 

14  ,32 

12  ,29 

Fteamee  .... 

7,04 

15,83 

8,79 

Hditon    .... 

6,19 

16,00 

8,81 

la  all  these  places,  the  mean  temperature  of  winter  is 
•bore  the  freexing  point.  Even  in  the  Shetland  and  the 
¥aoe  Manda,  at  62**  of  north  latitude,  the  winter  mean  is 
kUier  than  that  of  London ;  hut  the  summers  are  colder, 
■u  the  diflbrenee  between  the  two  seasons  is  scarcely  8"". 
Tina  triiBng  difference  is  also  shewn  at  Penzance  and  at 
Helaton,  towns  on  the  Ck)mi.sh  coast ;  whilst  London,  situ- 
ated in  the  east  part  of  the  island,  presents  a  difforeuco  of 
eren  13^,5. 

Hie  S.W.  winds,  so  common  in  England  durinjij  the 
winter,  bring  with  them  tlie  moist  and  warm  air  of  the 
Atlantic  Oc^.  As  these  vapours  arc  precipitated  they 
disengage  heat,  and  they  also  oppose  radiation  from  the 
earth.  And  hence  the  mildness  of  English  winters  is  ex- 
plained by  their  extreme  humidity.  On  the  Azores,  and 
along  their  coasts,  where  the  wind  accumulates  yapours,  the 
winter  will  be  still  milder  than  in  places  situated,  like  Lon- 
don, on  the  east  coast  of  England,  whither  the  winds  do  not 
arrive  until  ailer  they  have  lost  a  great  portion  of  the  hu- 
midity with  which  tney  were  charged.  But  in  summer 
the  same  cause  reduces  their  temperature;  as  we  ma\^  be 
oonvinced  of  by  comparing  llelston  and  Penzance  with  Lon- 
don. These  two  truths  become  more  and  more  evident,  in 
proportion  as  we  penetrate  into  the  interior  of  the  conti- 
nents. 


-  '  ^^^^^^^H 

^^H 

^^^^^^^^^^1 

j^l^l 

irl 

■piotam  AMD  wmrni  urnm  a  n^mm  am  m  ■raiMB  M 

PLACM. 

.^.T... 

■Oman. 

»»>»«>  1 

.       !l»,e7 

18',79 

16-,12       1 

.       1,1a 

16,92 

13^00         ' 

Maettrielit     .    . 

.      %M 

18,12 

IJ^ 

BnuNia    .    .    . 

.        2^6 

19,04 

16^ 

.      iM 

19,37 

17/11 

TheHwue    .    . 

3,46 

18/13 

13.17 

.       5,67 

18,90 

13  J3 

Dunkirk   .    .    . 

.       3,56 

17,68 

14  ,13 

UBocheUe  .    . 

.        4,78 

19,22 

■•'*,, 

Pari*     .... 

.        3,49 

I8,QI 

"■"     iJ 

Montmorency     , 

3,21 

18  « 

"•»       1 

about  3\  like  that  of  Engluid,  Penzance  and  BelaUD  «• 

ccpted.    fiut  the  eumnier  mean  b  tbout  1S°.    Him  ii  « 
effect  of  the  cantinental  east  winds,  which  muntna  A> 

winter,  which,  in  England,  wu  only  1S°,  ts  TVMi  to  H*. 

BCHHSR  ABD  WIHTBR  MX  AM  HT  OBBMAmT. 

,uo„. 

,.„». 

nn». 

«»>»»> 

llantao      .    .    . 

.    — r,ii 

16%62 

ir,88 

Uaireatb   .    .    . 

.    -1 ,20 

16,03 

17,23 

Berlin  .... 

.    —1 ,01 

17,18 

18,19 

Augibrng.    .    . 

.       -I  ,08 

16,80 

17,88 

0,73 

16,21 

16,48 

Oadm    .    .    . 

.       -1,20 

17,21 

18,41 

Cuihaven .    .     . 

0,31 

16,76 

16,23 

Tabiogm  .    .    . 

.      -0,02 

17,01 

iTja 

S»p„  .... 

.      —2,63 

18,20 

20/13 

Munich     .    .    . 

0,12 

17,96 

17,84 

Katisbon   .    .    . 

.      -1  ,93 

19,68 

21,61 

Hambuig  .    .    . 

0,40 

IS  ,96 

18,36 

Lunenburg    .    . 

0,93 

17,23 

16  * 

Pngue.    .    .    , 

.       -0,44 

19,93 

20,87 

Vienna      .    .    . 

0,18 

30,36 

20,18 

UAMHn  AM)  COHTia  JHTAI. 
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Althongh  this  table  presents  more  than  one  anomaly,  it 
jet  ahews  very  evidently  the  influence  of  continent!.  Not- 
withatandins  the  very  nigh  latitude  of  Cuxhaven,  Lunen- 
bnrg,  and  Apenrade,  the  mean  of  the  winters  ia  above  the 
freezing-point.  TbiM  is  in  eonsequence  of  the  vicinity  of 
the  sea,  counterbalanced,  honcver,  by  the  coDtineotal  influ- 
ence^  which  reduce  their  mean  below  that  of  the  towns  of 
England  situated  under  the  same  latitude.  In  all  other 
parts  of  Gerniaoy,  the  winter  mean  is  below  the  freezing- 
point;  but  the  aummcra  are  also  hotter,  aa  may  be  seen  by 
comparing  the  table  of  England  with  that  of  Germany, 
keeping  in  view  the  height  above  the  level  of  the  sea.  There 
results  from  this  a  greater  diflcrcnce  between  the  winter  and 
the  summer ;  it  ia  16°  in  weat  Germany,  in  the  neighbour- 
hood of  the  sea,  aod  rises  as  high  as  20°  in  (he  cast  part. 
At  Uantzic,  the  feeble  influence  of  the  neighbourhood  of  the 
Baltic  is  felt. 

The  more  we  penetrate  into  the  interior  of  the  continent, 
the  colder  do  the  winters  become;  and  the  more  does  the 
difference  between  winter  and  summer  tend  to  increase,  as 
the  following  table  shews : — 


FI.ACBS. 

W»T... 

«(...«.. 

DIFFERENCE. 

Petersbuigh  .    .    . 

-  8^70 

15-,96 

23'',66 

Abo.    .    .    . 

—  6,79 

16,14 

21  ,91 

Moscow 

—  10  ,22 

17,53 

27,77 

Kssan   . 

—13,66 

17,33 

31,11 

Ilnrnaul 

-14,11 

16,37 

30,68 

Slatoust 

-16  ,49 

16,08 

32,S7 

Irkutsk 

-17  .88 

16,00 

33,88 

Jakoutsk 

-38,90 

17,20 

36,10 

Whilst  in  England  the  thermometer  rarely  descends 
10°  below  zero,  we  find  in  the  interior  of  the  continent, 
under  almost  equal  latitudes,  a  mean  of — 10°;  and  it  is  not 
uncommon  to  sec  the  mercury  frecie  at  Easan.  In  the  in- 
terior of  Siberia,  it  often  remiuns  solid  for  several  weeks 
together.  The  eercnitv  of  the  sky  in  these  countries  fa- 
vours the  radiation  of  toe  ground  in  winter,  and  its  heating 
in  summer ;  so  that  the  sununera  are  hotter  than  in  £ng- 
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land.  The  difference  between  the  meiiyi  of  die  two  MMooi, 
^vhich  is  23^  in  west  Russia,  is  as  ^;reat  as  33^,  and  even  Stf*, 
in  the  interior  of  the  empire ;  it  u,  therefbze,  four  or  five 
times  greater  than  in  England. 

This  law  prevails  every  where.  The  west  coast  of  Kor- 
way  enioys  a  winter  relatively  very  mild,  and  the  mean  of 
which  does  not  differ  one-tenth  of  a  d^;Tee  firom  that  of  the 
summer.  But  scarcely  have  we  travencd  the  crest  of  the 
Scandinavian  Alps  than  we  find  a  continental  <^lim«fi>  'Xht 
same  relations  prevail  in  North  America.  Whilst  the  wot 
coast  is  distinguished  by  mild  winters  and  cold  aammei^ 
the  difference  of  the  seasons  is  greater  in  the  interior;  it 
then  diminishes  as  we  approach  the  Atlantic  However, 
it  is  always  greater  than  in  Europe.  This  is  due  to  the 
predominance  of  west  winds,  which,  as  they  traverse  a  graft 
extent  of  land,  communicate  to  the  climate  of  these  eonn- 
tries  something  of  continental  climates.  Thus,  in  CMt 
America^  the  winters  are  colder  and  the  summen  warmer 
than  they  would  be  were  it  not  for  this  circumstance. 

ISOCHIMENAIaS  AND  ISOTHBRAIaS. — If  WCOoUeet 

into  a  map  all  the  places  whose  hibernal  mean  is  the  same, 
we  >liall  obtain  curves  called  isochimennl  (7a»e»  equal;  x*V^ 
w'lit^r).  These  which  pass  through  the  points,  where  the 
suinnicr  means  are  equal,  are  called  uotheraU  (Irn,  ^qud; 
fi9iSt  ftnmwer).  The  nuniljcr  of  obser^-ations  is  not  yet  suf- 
ficiently large  to  enable  us  to  trace  these  cun'es  with  per- 
fect exactitude ;  but  they  are  suflicient  to  shew  that  tnese 
lines  are  far  from  coinciding  with  the  parallels  which  join  the 
places,  and  which  are  situated  at  the  same  distance  firom  the 
e([uat<>r ;  for  the  isochimenal  lines  fall  toward  the  south,  as 
we  leave  the  west  coast  of  Eurojie  on  our  way  toward  the 
cast ;  because  the  countries  situated  toward  the  cast  ha^-e 
much  severer  winters  than  those  that  are  at  the  west.  The 
isotherals,  on  the  contrary,  rise  toward  the  pole  as  we  go 
from  west  to  east ;  and  it  is  only  in  the  intenor  of  the  con- 
tinent that,  at  equal  latitudes,  the  summer  means  are  the 
same.  In  North  America  something  similar  is  observed; 
for,  at  an  equal  distance  from  the  equator,  places  situated 
west  of  the  Alleghanis  have  colder  winters  and  hotter  sum- 
mers than  those  which  are  on  the  borders  of  the  sea. 

AVe  may  easily  comprehend  that  these  dimateric  condi- 
tions have  the  greatest  infiuence  over  the  geoCTaphical  dis- 
tribution of  organised  beings.  Many  ammus,  especially 
quadrui)e<ls,  that  cannot  make  such  great  migrations  as 
birds,  avoid  extreme  climates.  If,  therefore,  a  curve  is 
passed  through  the  points  which  limit  on  the  north  the  area 


inhabited  bv  these  aniinoK  this  curve  will  ahnovt  coinciile 
with  tn  itocnimeoal.  Thit  is  shewn  in  the  chut  published 
t>7  M.  Ob.  luttar,  on  the  distribution  of  wild  and  domes- 
tic mammifera  in  Europe.  Xhna,  in  Sweden,  the  elk  still 
lives  under  65°  of  latitude ;  but,  in  the  interior  of  Siberia,  it 
does  uot  iiBjts  the  SSth  degree. 

The  same  observations  apply  to  the  distribution  of  vege- 
tables on  the  earth ;  but  we  must  carefully  distinguish  ar- 
borescent vegetables  from  those  which  are  merely  annuals, 
and  die  each  year  after  having  produced  seed.  Trees  can- 
not ao  eficctually  resist  the  rigours  of  winter  as  perennial 
herbaceous  vtsctablcsi  however,  if  their  period  of  flowering 
and  fructification  is  not  loug,  they  rise  cvcu  to  high  latitudes 
along  the  coasts  of  the  Atlantic,  while  they  remain  much 
nearer  to  the  south  in  the  interior  of  the  continent.  Thus, 
in  the  ni'ighbourhood  of  Penzance,  on  the  west  coast  of 
England,  myrtles,  Cantelia,  FiuelUa  and  BwlUia,  pan  the 
whole  tduter  iu  the  open  air,  although  their  fhiits  do  not 
riiKii  in  summer.  The  coasts  of  Brittany  present  the  same 
phenomena.  The  beech  (Fagui  tUnatica)  extends  in  Nor- 
way as  far  as  the  61Jth  degree.  On  the  west  const  of 
Sweden  itj  extreme  limit  is  below  the  SSth  ;  in  Snioknd,  at 
57°,  and  ulsfi  on  the  east  coast  in  the  neighbourhood  of  Cal- 
mar.  In  Lithuania,  it  is  between  54°  and  55°;  in  the  Car- 
pathians, about  49° ;  and  in  the  mountains  of  the  Crimea, 
about  45  '.•  The  holly  (Ilex  aqid/tiliTna),  which  advances 
even  as  far  as  Scotland  and  Korway,  ia  sometimes  frozen  in 
the  neighbourhood  of  Berlin  and  llallc.  Several  kinds  of 
heath,  alilcr,  black  poplar,  lilac,  ivy,  mistletoe,  thorn,  and 
myrtle,  have  an  analogous  get^raphic  distribution. 
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Annual  vegetables,  and  ^peciallj  those  of  the  com  tribe, 
act  in  a  different  manner.  The  haraneBS  and  rigoar  of  the 
winter  little  concerns  them;  the  only  thing  enential  to 
them  is  the  period  during  which  they  are  devdopod ;  thus 
the  curves  that  indicate  their  northern  limits  are  pandld 
to  the  isotherals.  In  Norway,  harley  is  cultivated  in  certain 
places  situated  under  the  7(Hh  degree.  Towmrd  the  east,  its 
limit  falls  southerly;  and  in  Siberia  none  of  the  com  tribe 
arc  found  north  of  60°.  In  France,  the  north  limit  of 
maize  is  determined  by  the  same  laws.  On  the  borders  of 
the  Atlantic  it  is  south  of  Rochelle,  at  4^*^  SO' ;  bnt  on  the 
Rhine  it  is  between  Manheim  and  Strasburg,  at  49°  of  lat 

The  arborescent  vegetables  which  are  not  very  sensible 
to  the  colds  of  winter,  but  which  require  hot  snmmerB,  have, 
on  the  west  coast  of  Europe,  a  limit  dependant  on  the  eorre 
of  the  isotherals.  Thus  the  vine  is  no  longer  cultivated  with 
advantage  on  the  coasts  of  France  beyond  47^  SIX.  In  the 
interior  of  the  country  it  rises  toward  49%  and  cuts  the 
Khiiie  at  Coblentz  at  50°  20'.  In  Germany,  it  does  not  pass 
.51  ,  to  which  it  is  sensibly  parallel  in  the  east  of  the  Euro- 
pean continent. 

MEAN  TEMPERATURB  OF  THE  EARTH. — Before 

studying;  the  distribution  of  heat  on  the  surface  of  the  globe, 
it  is  necessary  to  give  a  table  of  the  mean  temperatures  of  a 
great  number  of  places  on  the  earth.* 

*  Wc  have  8ul>5titutcd  for  M.  Kaemtz's  tabic  the  more  recent  and  ci- 
tended  one  of  M.  Maiilxann*.  whu  has  recalculated  all  the  nieaiu  with  the 
tn^atest  care." 

This  table  i^i  extracted  ft*om  the  third  volume  of  the  important  work 
Tvhioli  .M.  i>E  TIl'miioldt  ba«  Ju^  publivlied,  on  Central  Ada,  under  the  title 
<if  JiisrarcAcf  on  Mtrttniain  t'hiiin*.  and  C**inpaTatir€  Ciimatotitgff. 

In  tills  table  the  seasonEi  arc  thu»e  U9e«i  in  meteoruloKy,  nanicljr.  for  win- 
ter, Doi-ember.  January,  and  February ;  fur  sprinv.  March,  April,  and  3daj  ; 
fi>r  <iuiunier,  Jtin  \  July,  and  Au>mi>t ;  for  autumn.  September,  October,  uid 
Ntivuinber.  The  temiteratured  cnclose«l  Itetween  a  {lalr  of  bracket*  do  nut 
merit  s<i  much  uttcnti(>n  as  the  others.  The  number  of  years  of  ob9erTati<m 
iii  venerully  rt>lated  to  the  aimual  mean.  The  heights  alwve  the  level  of  the 
sea  are  in  metres,  as  in  the  whole  course  of  the  work. — M. 


^  Vide  Note  gt  Appendix,  No.  II. 
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DI1TERKICX8  OF  TEMPEBATUBE.  189 

DZFFfiBBMT  TBMPERATUBEB  IN  EQUAIi  IsATl- 
TUDB8. — ^The  preceding  table  shews  that  the  temperature 
cf  m  place  depeMS  not  only  on  its  latitude,  but  also  on  its 
longitude.  Thus  Eastport,  in  America,  and  Stockholm, 
InTemmean  temperature  of  about  5°, 5 ;  and  yet  there  arc  14 
degrees  of  difference  in  their  latitudes.  A  mean,  varying 
between  11^  and  11°,5,  is  found  at  Grermantown,  Fort  Co- 
lumbus, Fort  Vancouver,  Penzance,  Pl3rmouth,  and  Sevas- 
topol; that  is,  in  40^  40°  42',  45*»  38',  50°  7',  50°  22',  and 
44^  36'  N.  latitude.  So  also  in  going  from  the  west  coast  of 
North  America,  where  it  approaches  nearest  to  the  equator, 
the  line  passing  through  all  those  places  whose  temperature 
is  ftom  11°  to  11°,5,  on  the  one  hand  rises  towards  the  cast 
eoast  of  the  new  continent,  where  it  attains  the  45°  of  lati- 
tude ;  on  the  other  hand,  toward  Europe,  where  it  passes 
the  50th,  its  greatest  amplitude  is  in  10°  of  latitude.  On 
the  shores  of  the  Black  Sea  it  descends  as  low  as  44"* ;  and 
if  we  knew  the  climate  of  the  centre  of  Asia,  it  is  probable 
that  it  would  fall  still  lower  toward  the  equator,  in  the  in- 
terior of  this  continent.  The  angle  under  which  the  rays 
of  the  sun  strike  the  earth  is  not,  then,  the  only  element 
by  which  temperature  is  determined :  there  arc  other  ele- 
ments which  we  are  now  about  to  analyse. 

PHYBICAIi  CAUSES  OF  DIFFERENCES  OF  TEM- 

PERATURE. — Winds  are  the  most  powerful  cause  of  dis- 
turbance of  equilibrium  in  temperature.  Their  action  is 
not  always  immediate ;  but,  on  studying  it,  we  are  confirmed 
in  the  iaea  that  all  atmospheric  phenomena  are  connected 
together,  and  react  on  eacn  other  so  as  alternately  to  play 
the  part  of  cause  and  effect. 

If  the  surface  of  the  earth  were  perfectly  smooth,  and 
merely  composed  of  land,  or  entirely  enveloped  with  an  im- 
mense ocean,  we  might  probably  find  the  same  temperature 
in  equal  latitudes.  However,  on  analysing  the  phenomena, 
we  see  that  this  diminution  of  heat  does  not  depend  simply 
on  the  lesser  height  of  the  sun  above  the  horizon ;  for  the 
trade-winds^  by  incessantly  drawing  toward  the  e<]^uator 
masses  of  air  obtained  from  high  latitudes,  cool  the  mter- 
tropical  regions,  the  clinuite  of  which  is  less  scorching  than 
if  tne  atmospheric  ocean  were  in  a  state  of  perfect  repose. 
The  upper  S.W.  wind,  on  the  contrary,  which  comes  from 
the  equator,  descends  towards  the  earth  as  it  advances  to- 
wards the  poles,  and  communicates  to  the  regions  that  it 
touches  a  portion  of  the  equatorial  heat,  and  softens  the  ri- 
flour  of  their  climate.  The  observations  that  we  have  col- 
lected confirm  these  facts  in  the  most  positive  manner.    In- 
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deed,  if  we  select  a  series  of  pbees,  all  sinuiled  under  the 
same  meridian,  but  very  distant  from  each  other  in  latitadci 
we  shall  find  that  the  diminution  of  temperature  is  not  pn>> 
portional  to  the  difference  in  latitude ;  uid  that  it  would  be 
impossible  to  deduce  the  thennometrie  dimate  of  any  place 
from  this  element  alone.  The  differences  between  adcola- 
tion  and  observation  arc  such,  that  they  cannot  be  attributed 
to  the  employment  of  imperfect  instrumenta,  or  to  the  in* 
flucnce  of  years  of  exceptional  temperatures.  Thua,  for  the 
equator,  calculation  gives  higher  temperatures  than  those 
that  are  found  by  direct  observation.  In  more  elevated  la- 
titudes, on  the  contrary,  the  numbers  to  which  it  leads  are 
too  low.  These  two  results  are  very  well  explained  by  the 
opposing  influence  of  the  trade- winds,  which  wann  the  poki 
auu  cool  the  equator. 

The  differences  between  the  mean  temperatures  of  two 
countries  situated  at  the  same  distance  from  the  equator,  an 
a  consequence  of  the  relative  masses  of  earth  and  water  with 
which  tncy  are  surrounded.  The  great  capacity  of  water 
for  heat  (p.  1 1 ),  is  the  cause  why  the  two  great  oceans  that 
extond  from  polo  to  pole,  between  the  two  vast  continents, 
arc  colder  thau  the  land  in  summer,  and  warmer  in  winter. 
Consequently,  the  west  grinds,  which  come  from  the  sea,  and 
blow  more  rarely  in  summer  than  in  winter  (p.  52),  will,  in 
this  season,  communicate  a  greater  amount  of  heat  to  the 
west  coasts  of  the  continent.  This  induction  is  confirmed  by 
experience.  But  when  these  winds  arrive  into  the  interior 
of  the  land,  their  temperature  is  by  no  means  so  elevated, 
especially  if  thcj'  meet  near  the  west  sides  of  high  chains  of 
mountains.  This  is  the  case  in  Scotland,  and  especially  so  in 
Xorway.  There  is  likewise  no  country  on  the  earth  which, 
in  equal  latitudes,  does  not  enjoy  a  climate  as  mild  as  that 
of  the  last  place  we  just  mentioned. 

Besides  their  elevated  temperature,  these  S.W.  winds 
are  also  distinn^iished  by  their  moisture,  which  is  such  that, 
in  winter,  they  are  almost  entirely  saturated  with  the  vapour 
of  water;  hence  the  atmosphere  of  Europe  and  America  is 
almost  constantly  ^o'rrry  during  that  season.  These  clouds 
opiwse  the  cooling  of  the  earth  by  radiation  :  in  passing  into 
the  liquid  state,  the  vapours  with  which  they  are  charged 
set  free  their  latent  heat ;  and  ^e  temperature  of  the  air  b 
raised  under  this  double  influence.  In  the  interior  of  conti- 
nents, on  the  contrary,  a  serene  sky  favours  radiation,  and 
determines  a  fall  in  the  temperature.  Equilibrium  is  not 
re-established  in  summer ;  for  if  in  this  season  the  sky  were 
as  of\en  clear  as  it  is  in  winter,  the  sun  would  act  energeti- 


nUj;  bnt  in  the  interior  of  the  European  continent,  the 
d^  beii%  often  doudj  in  iununer,  the  mean  teraperstuie  of 
the  Tear  is  much  lower  than  on  the  wnt  coasts. 

It  is  the  same  with  the  east  coasts.  Kamtschstka  is 
vaimer  than  Siberia ;  New  York  has  a  higher  tcmperatore 
than  that  of  the  towns  situated  on  the  Mississippi.  How- 
erer,  in  high  latitudes  the  west  coasts  are  always  colder  than 
tlweart.  iQKneral,  the  elevation  of  the  mean  is  due  to  the 
ncighbonTbocM  of  the  sea,  its  reduction  to  that  of  the  conti- 
nent j  for  the  S.W.  ninds  which,  especidly  in  winter,  have 
pa«ed  over  great  continents,  arrive  deprived  of  all  humidity 
» the  east  coasts,  where  the  habitual  serenity  of  the  sky 
hvonn  ndiation. 

The  differences  of  tempcratnre,  such  aa  those  we  have 
just  pointed  out,  would  exist,  even  though  the  sea  were  per- 
fectly calm ;  but  what  further  tends  to  increase  them  is  the 
existence  of  sea-currents,  which  favour  this  unequal  dirtri- 
fantion  of  heat.  They  arc  principally  observed  on  the  two 
Bhorea  of  the  Atlantic,  and  they  explain  to  us  the  mildness 
of  the  climates  of  the  west  coasts  of  Europe,  and  certun 
[Jimateric  peculiarities  of  the  east  recions  of  America. 

The  trade-wind  that  blows  rqpjlarly  over  the  Atlantic, 
drivca  toward  the  west  a  considerable  mass  of  water.  This 
wot  current  continues  enlarging  to  Cope  Stunt- Itoch,  where 
it  divides  mto  two  branches,  one  of  which  descends  toward 
the  south,  while  the  other  ascends  toward  the  north,  along 
the  east  coast  of  America.  This  latter  branch  enters  into 
the  Gulf  of  Mexico,  and  then  rushes  into  the  canal  of 
Bahama,  and  thence  ascends  toward  the  north,  under  the 
name  of  the  Gatfttrcam,  flowing  about  SO  sea  miles  (14M 
kilometres)  per  day.  This  moss  of  water  being  exposed 
for  a  long  time  to  the  rays  of  the  tropical  sun,  has  a 
lemi>eraturc  of  more  than  '17',  when  it  leaves  the  Gulf  of 
Alezico.  The  current  expands  as  it  ascends  the  American 
coast,  and  its  velocity  diminishes.  Between  Cayo  Uiscnino 
and  the  reef  of  Bahama,  its  width  is  about  nine  myria- 
metres;  at  the  parallel  of  Charlestown,  in  front  of  Cape 
Henlopen,  it  expands  to  as  much  as  'i3  myriamctresi  but  )ts 
velocity  diminishes  until  it  does  not  travel  mure  than  60 
or  70  miles  per  dav. 

More  northerly,  the  coasts  of  Geor^a  and  Carolina 
change  its  direction :  it  turns  toward  the  N.E.,  passes  near 
Cape  Ilatteres,  and  pursues  its  march  to  the  liank  of  St. 
George,  on  the  east  of  Nantucket.  Here,  at  4!)"  Sff  of  lati- 
tude, and  67°  of  longitude  west  of  Paris,  it  is  47  myriametres 
wide;  under  this  parallel  it  suddenly  turns  to  the  east ;  so 
that  its  western  boundary  becomes  its  northern  limit,  and  goes 
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along  the  bank  of  Newfoundland.  Its  limits  are  dependoit 
on  the  seasons.  When,  during  the  autumn,  there  are  squalk 
from  the  north  and  the  N.Avl,  a  considerable  accnmiilarion 
of  water  occurs  between  the  bank  of  Newfoundland  and  the 
west  limit  of  the  current,  which  deviates  it  toward  the 
east.  Thence  it  turns  toward  the  E.S.E.,  as  fiu*  as  the 
Azores,  where  its  width  is  78  myriamctres  or  more,  and  its 
velocity  30  miles  per  day.  It  moves  with  less  rmilaiity 
alunp:  the  coast  of  Guinea;  however,  its  rapidity  is  still  aboat 
25  miles  per  day. 

A  less  important  branch,  and  one  which  is  more  depend- 
ent on  the  direction  of  the  winds,  separates  from  the  prindpsl 
current  at  about  45^  or  50°  of  north  latitude,  near  the  buk 
of  lionnct-Flamand,  and  directs  its  course  toward  Europe. 
This  current  is  more  especially  sensible  after  west  winds  have 
been  blowing  uninterruptedly  for  a  long  time.  Every  yesr 
it  carries  on  to  the  coasts  of  Norway  fruits  and  seeds  of  trea 
thut  belong  to  the  hot  parts  of  America.  On  the  west  cosrt 
of  the  Hebrides  are  often  found  the  seeds  of  DoUchos  nrfwt. 
GuiUnuiina  howluc,  G.  boMluceUa^  Afimiwi  jcaudnur,  and 
uthcr  plants  of  Jamaica,  Cuba,  and  the  American  continent. 
Tliis  current  also  brings  shells  of  the  tortoise,  and  casks  of 
wine  from  ships  wrecked  on  the  sea  of  the  Antillas.* 

These  very  west  ninds  that  drive  the  Gtilfxtream  over  to 
the  neighbourhood  of  Europe,  produce  on  the  coai«t  of 
France  a  current,  that  Rennell  hat*  made  known ;  the  name 
of  this  learned  geographer  has  been  applied  to  it.  The 
same  winds  drive  the  current  into  the  Bav  of  Biscav,  where 
it  turns  to  the  north,  along  the  coasts  of  France,  and  en- 
larges in  the  neighliourhood,  so  as  to  be  scarcely  sensible  on 
account  of  the  changeableness  of  the  winds. 

The  Gulf  stream^  in  traversuig  the  Atlantic,  forms  a  veiy 
limited  current,  which  preserves  its  original  temperature 
for  a  long  time.  As  early  as  1780,  Fraaklln  and  Blaffdea 
reconmiendcd  nautical  men  to  use  the  thermometer,  in 
onlcr  to  ascertain  whether  they  were  in  the  Gnlfitrtam. 
According  to  M.  de  Hnmboidty  the  sea,  between  40^  and 
44  of  latitude,  had  a  temi)erature  of  *2*2',5,  whilst  out  of 
the  current  it  was  17  .5.  When  Babine  went  out  of  the 
current,  in  ;}(>"  14'  north,  and  74  west  lon&itude,  1)etween 
10  A.M.  and  noon,  the  thermometer  fell  in  tne  space  of  two 
hours,  from  1:V\A  to  1()  ,9,  to  wit,  (>=,4,  without  the  depth  of 
the  sea  having  sutiered  any  sensible  change.    The  tem- 

•  In  IH3H.  I  found,  with  M.  Iavttim.  at  KieUlfc.  near  the  North  Cape,  a 
ffeed  of  the  MiiHota  Mcamdt'tu  among  the  shingle  of  the  hank.  They  are  rery 
coiiim4»n  there,  for  they  are  aeen  in  the  puMewion  q€  all  the  flahermcn  oa 
the  coast. 
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penture  of  the  air  above  the  cnrrent  thaita  in  that  of  the 
water,  aa  al!  observBtioaB  prove. 

These  currents  noUblj  elevate  the  temperetuie  of  the 
eoaeta  that  are  washed  bv  them.  In  low  latitudes,  a  current 
of  wann  water  panes  along  the  Floridas,  whilst  a  current 
fiom  the  north  descemlB  sJong  the  coast  of  Africa.  So, 
although  under  the  Hune  latitude,  the  Floridas  are  winner 
than  the  Canaries  by  1°  or  2".  If  we  examine  the  coun- 
tries situated  bcyona  the  trade-winds,  the  two  coasts  have 
sensibly  the  some  mean  temperature.  Differences  com- 
mence at  about  30°  of  north  latitude.  On  the  east  coast  of 
America  the  temperature  falls  much  more  rapidly  than  on 
the  coast  of  Europe,  as  we  leave  the  e(]ustor.    lliis  f  " 


tudea  under  which  the  mean  temperatures  of  25°,  20°,  IS", 
10°,  5",  and  0°,  are  found,  we  obtain  the  following  relA- 
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COAST 

coisr 

25° 

24°  21' 

18°  49' 

20 

32  20 

31  27 

15 

38  24 

41  33 

10 

41  30 

52  3 

5 

44  51 

60  7 

63°  28' 

0 

61  37 

66  48 

70  66 

The  S.W.  winds  which  prevail  in  high  latitudes  are 
warmed  bj  the  Otd/tlrtam,  and  raises  the  temperature  of 
west  Europe,  so  that  the  iaothermal  of  lero  cuts  the  coast  of 
Norway  20°  more  northerly  than  it  does  that  of  America, 
namely,  at  a  latitude  where  we  find  on  the  east  coast  of 
America  temperatures  of  — 10°  and  — 15°  in  the  interior  of 
the  land. 

Although  generally  warmer  than  the  east  coast  of  the 
two  continents,  the  west  coast  of  Araerica  has  not,  however, 
a  temperature  comparable  with  that  of  the  west  coast  of 
Europe  ;  this  is  due  to  the  direction  of  the  marine  currents. 
'When  it  inclines  to  the  west,  the  equatorial  current  has  a 
greater  width ;  hut  the  islands,  that  Bi 
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Pacific  Ocean,  turn  it  oat  of  its  conne,  and,  between  ^ 
Holland  and  the  Philippines,  there  are  earrents  dependent 
oil  the  monsoons ;  it  is  only  on  the  coast  of  Japan  th^  acnr- 
rent  flowing  to  the  N.E.  is  fonnd,  which  is  eomparahle  in 
its  extent  and  ra]>idit  j  with  the  Chdfitream  of  the  Atlantie. 
The  S.W.  winds  always  drive  coosiderBble  masses  of  water 
toward  America :  for,  on  the  coasts  of  Califomia,  and  near 
Alaschka,  arc  found  the  remains  of  Japanese  junks :  hot 
this  current  never  attains  the  temperature  of  the  Gmif- 
^:tream ;  the  winds,  also,  that  heat  Kamtscfaatka  and  tne 
west  coast  of  America,  are  not  to  be  compared  in  tempera- 
ture with  tho?e  that  pass  over  the  Gulf  stream, 

TEMPERATURE  OF  THE  EQUATOR. — ^If  we  choose 

places  situated  between  the  tropics,  from  their  mean  tem- 
|x;raturc,  that  of  the  eouator  may  be  dedaoed;  and  we  mar 
obtain  a  result  that  will  not  be  far  from  the  truth.  Indeed, 
within  these  limits  the  differences  of  latitude  have  mock 
less  influence  over  the  climate  than  when  we  apfmiack 
nearer  to  the  arctic  zone.  This  is  due  to  the  little  varia- 
tion in  the  height  of  the  sun  in  the  diflereut  seasons,  and  to 
the  ditTcrence  of  the  constant  sea  and  aerial  currents  that 
prevail  in  these  regions.  For,  as  we  have  seen,  the  east 
coast  of  America  is  heated  by  an  equatorial  current,  and  the 
wc<^t  coast  by  a  current  from  the  north.  In  India,  the  veiy 
] powerful  influence  of  monsoons  is  found;  but  on  the  ¥rest 
coast  of  South  America  the  temperature  appears  to  decrease 
verj'  rapidly :  however,  observations  are  still  very  few  in 
nunil)er  fur  these  countries,  and  we  cannot  rigorouslj  de- 
duce the  law  of  this  decrease. 

M.  de  Hnmboldt  fixed  the  heat  of  the  eouator  approxi- 
mately at  27^0  ;  and,  indeed,  if  we  examine  tiie  temperature 
of  the  diflercnt  places  situated  near  the  line,  we  shall  find 
the  following  numbers : — 

West  coast  of  Africa.      Xorth  hemisphere       .  27^,85 
East  coast  of  America.    N.  and  S.  hemisphere  .  27  ,74 

Hindostan  and  Ceylon 27  ,29 

East  coast  of  Asia 27  ,66 

Great  Ocean 27  ,27 

East  coast  of  America 27  ,40 

The  mean  is  27^53,  which  singularly  confirms  the  result 
found  by  M.  de  Humboldt.  However,  this  is  only  true 
of  the  coasts;  in  the  interior  of  Africa  and  America  the 
teiniKTaturc  is  hidicr  than  at  the  sca-shorc.  A  distin- 
guLshed  traveller,  jI.  Bonsslnvanlt,  has  published  obaer- 
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ntioni  mide  in  ^fTerent  porta  of  the  Andes.  Althou|;h 
tbew  places  ue  often  mtiuted  at  more  than  3000  nietrca 
abore  the  level  of  the  sea,  we  can  yet  determine  ap^roxi- 
natmly  the  temperature  which  thcj  would  have  il  they 
«vre  at  the  lerel  of  the  ocean.  !Now,  on  deducing  the  de- 
OCMe  of  temperature  froni  these  oliKcrvations  themselves, 
I  find  nure  toao  28';  but  here  »  clearly  shewn  the  influ- 
ence ezerciaed  by  exterior  circumstances  over  the  meui 
tempermture ;  for,  at  equal  latitudes  end  heightH,  barren 
and  di7  caantries  have  a  tummraturc  a  degree  higher  than 
thiMe  that  are  covered  with  forests,  and,  consequently, 
intefed  by  frequent  rains.  For  to  the  absence  of  ve^ta- 
tion  muatM  attributed  the  burning  climate  of  the  interior 
of  Afiriea.  The  few  observations  we  possess  seem  to  assign 
il  a  temperature  of  3!)°,2 ;  and  yet  these  places  arc  situated 
at  eren  more  than  UOO  metres  above  the  linel  of  the  sen. 

The  preceding  facta  prove  the  opposing  influence  of  the 
earth  tod  the  sea;  but  they  do  not  decide  the  question  of 
knowing  if,  under  each  meridian,  the  hottext  iwints  arc  at 
tfae  intenection  of  this  meridian  with  the  equator.  It  is 
prob^le  that  the  violent  rains  caused  hy  ascending  at'rial 
enrrenta  in  tfae  neighbourhood  of  the  equator  must  give  rise 
to  diflieienccs  of  scveml  degrees. 

M.  BsrskBBa  has  given,  in  llie  second  part  of  his  Plii/- 
Meal  AUiit,  a  chart,  in  which  he  has  collected  all  the  places, 
the  temperature  of  which  is  a  marimtitii.  This  curve, 
whieh  ii  named  the  eqiuitor  of  heal,  very  nearly  fullons  the 
eonator  of  the  earth,  and  presents  inflections,  the  cause  of 
woich  is  not  manifest ;  for  the  want  of  observations,  and  the 
little  reliance  to  be  placed  on  those  which  have  been  made, 
do  not  as  yet  authorise  us  to  trace  accurately  the  curve  in 
qnertion. 

iBOTHBRHAiiB.  ~-  On  connecting  by  lines  all  the 
pointe  whose  mean  temperature  is  the  same,  we  obtain  the 
cnrvei  that  M.  de  Humboldt  was  tfae  flrst  to  trace  on 
charts,  and  which  he  faas  named  Itothrrmalu  (Ui,  eqnal; 
tif^,  lieat).  But,  as  this  temperature  varies  with  the 
height  above  the  sea,  these  temperatures  must  be  reduced 
to  uat  level, — a  reduction  of  which  I  shall  speak  presently. 
This  work  is  raie  of  the  few  that  form  an  epuch  in  Meteor- 
dogy;  it  has  served  to  establish  the  great  laws  of  the  dis- 
tiibntion  of  heat  on  the  surface  of  the  glotie.  Since  its 
poblieation,  observations  have  been  multiplied;  and,  in 
1831, 1  endeavoured  to  trace  out  a  new  scries  of  isothermal 

I,  which  differ  in  only  a  few  points  from  those  of  il.  de 

"    """       I  have  further  niMlifiixl  this  work,  since  we 

1  observations  made  in  the  interior  of  con- 
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tineiits,  and  in  the  polsr  xcgiooi.    Jhm  ftUovi^g  m  IIk 
principal  resnlts  of  meae  reaoudifli: — 

Ist  The  pdnt  of  each  nwridiaa  dMt  poaMRB  the  14^ 
est  temperature  does  not  alwmja  eoinriile  villi  tiie  i 
tion  of  the  meridian  and  the  ecnulor. 

2d.  The  equator  of  the  earth,  on  the  bovdcn  of  the 
has  a  temiwrature  of  27^,5 ;  on  the  wcat  eoaaliof  the  tiio 
tinents  this  heat  appears  to  be  a  little  Itm,  beeaiMe'tibe 
rents  of  cold  water  which  come  from  tlie  poloi  degnm  Iha 
temperature  of  these  pointa.  In  the  interior  of  tlw  tnoeofr- 
tinents,  the  temperature  of  the  equator  is  higgler  iStmm  €■  Ac 
coasts;  the  rains  are  less  abundant,  the ikj more  eenH^iai 
consequently  the  influence  of  the  son  ia  more  eBenetib    fit 


Africa,  especially,  where  the  air  ia  atroii^v  heated  bfVMl 

'    "  MtaUe.    in  ' 


sandy  dewrts,  uds  difference  ia  notaUe. 

least  increase  of  the  oontineDt  in  longitiide  tenda  to 

it  considerably.    The  temperature  of  the  eqiutar  lim  k 

Africa  to  29^,  and  even  more. 

3d.  The  isothermal  of  85*"  (mde  pi.  ti.)  cnta  the  iml 
coast  of  America,  a  little  north  of  Aeapulco ;  thai  it  jmhs 
by  Vera  Cruz,  and  a  little  to  the  north  of  HavanDih  (naip. 
25'').  At  the  east  of  the  meridian  of  this  city  it  fbnm  a 
slight  convexity  towards  the  north,  and  fldli  on  the  WHt 
coast  of  Africa,  which  it  cuts  between  Cane  fibuie  and  the 
mouth  of  the  Sen^,  about  18""  or  19^  A  north  lalitiide. 
Hence  it  rises  abruf^y  toward  the  north,  paoscs  by  the  north 
of  the  Red  Sea,  then  by  Abuscheher,  on  the  Persian  Gnlf 
(lat.  28**  15',  temp.  25<'),  and  probably  attains  here  its  aaost 
northerly  point  Then,  at  the  east,  it  descends  toward  Ae 
south,  cuts  ihe  group  of  the  Philippines  in  the  north  nit  of 
the  isle  Luqon,  in  16"*  or  IT*  of  north  ktitode.  (lAuulk, 
lat.  U"  36',  temp.  25°,6.) 

4th.  The  isothermal  of  20^  Qd.  vi.)  cntathe  wcat  of  Ame- 
rica, in  the  middle  of  California,  at  28^'  or  3{r  of  north  kti- 
tude.  It  rises  a  little  toward  the  north ;  it  then  goes  p^rftilfi 
to  the  ^uator  until  it  reaches  the  west  coast  ofAmeriei.  ia 
South  Carolma,  at  32*"  north  latitude  (Fort  Jolmaloiis  lit. 
34^  temp.  19^2;  cantonment  Jessnp,  hit.  81*"  ao',  team.  MP;i). 
It  falls  a  little  toward  the  south,  leaves  the  BctmiMha 
(lat.  32<'  20^,  temp.  19%7)  to  the  north,  and  passes  between 
Madeira  and  Teueriffe  (Funchal,  temp.  18?,7;  Sainte-Graiz* 
de-Teneriffe,  21^9).  In  Africa,  it  ascends  abmpay  towards 
the  north,  passes  near  Tunis  and  Algiers;  it  then  aeems  to 
follow  the  direction  of  the  coast,  which  runs  from  nocth  to 
south,  and  passes  between  the  ide  of  Candia  ^sL  Sff*  S9^ 
temp  17^9)  and  Cairo  QaL  9€P  2^,  tanp.  SS^«4).  U  is  pro- 
bable that,  in  the  interior  of  Asia,  H  noei  anew  towvd  tht 


MtUlt  to  ftn  igHn  toward  the  w««t  caul,  which  it  cnts  in 
Ae  neigliboarliood  atVanaon. 

6th.  Hw  taoUunaal  of  IS"  (pi.  -n.)  cuta  the  irest  cout 
if  Aincriok  near  Fort  San-Fraiieiaeo,  in  New  California ;  it 
[iumJt  itnifl^t  to  the  eart,  and  in  the  State  of  Delaware 
Mdoa  a  latitude  of  sr*  to  38°  (Fort  Savern,  Ut  38°  S8', 
tnp.  IS°,9;  Chi^  Hill,  lat.  35^  54',  temp.  I5^7 ;  Nash- 
flBc^  lak  M°  C,  temp.  1JS°,4).  Thence  it  risei  toward  the 
Mtthi  and  naebee  Ok  wot  coast  of  Europe,  at  the  limit  of 
.  Bf^  and  Fortngal  (Liabon,  lat.  38°  43',  temp.  16°,4)  ;  it 
dCmpMMi  to  the  north  of  Rome  (temp.  13^,4),  and  traveraes 
tte  north  nart  of  Tnrkej.  This  line  attuni  the  east  coast 
of  Ada  is  the  aonth  part  of  the  Corea,  and  Japan  (Naugaa- 
aU,  laL  SS°  4fi',  temp.  16°). 

8di.  ^le  isothemial  of  10°  (pi.  tl)  cutt  the  west  cosst 
of  Amtriea  at  the  mouth  of  the  Columbus  (Fort  George, 
lat.  46°  18',  temp.  1CF,I ;  Fort  Vancouver,  lat.  4S°  36'  N. 
temp.  11°,3);  descends  toward  the  south,  traverses  the 
nottb  part  of  the  State  of  Ohio,  and  reaches  near  New 
T<nA  tm  shores  of  the  Atlantic  (Kingston,  New  York,  lat. 
41'*  W,  temp.  10' ;  North  Salem,  lai.  41°  20',  temp.  8°,9). 
Here  the  isMhennal  presents  a  great  convexity  towards  the 

rtor  j  then  it  rises  abruptly  toward  the  north,  passes  in 
neiglibourhood  of  London  (lat.  Sl°  31',  temp.  10'',4; 
Dablin,  lat  A3°  21',  temp.  g°,S}.  This  is  the  highest  lati- 
tude tlut  this  isothermal  attains ;  for  it  then  foils  toward  the 
i  through  Bohemia  (Prague,  Ut  50°  S',  height 

J*,  193  metrea,  Ump.  g^S ;  Dresden,  lat.  ST  3', 

b^abt,  117  metres,  temp.  S°,S),  the  north  part  of  the  Black 
8n  (NicolaTeffe,  lat.  46<>  98',  temp.  9°,3 ;  Sevastopol,  lat. 
44°,W,temp.  11V)>  This  isothertoal  probably  cnts  the  cast 
•pwt  of  Ama,  at  the  north  of  the  isle  of  Nipon. 

Ttb.  The  isothermal  of  j°  (pi.  vi.)  cots  the  west  coast  of 
America  at  the  north  of  New  Archangel,  on  the  isle  Sitcha 
flat.  5f,  temp.  7°,1).  Yet  it  seems  to  come  from  the  south ; 
Jbr  Donlonk,  on  the  isle  Ounalaschka,  and  in  lat.  S3°  53', 
apptm  to  have  a  temperature  of  onljr  4°.  It  then  descends 
toward  the  south,  cuts  Lake  Michigan  (Fort  Brady,  lat. 
4S°  S9',  height,  1 80  metres,  temp.  4°,9),  and  the  west  coast  of 
Ameriea,  m  the  Slate  of  Maine  (Eastport,  lat.  44"  Si',  temp. 
ft*;  HalifiuE,  lat.  44° 44',  temp.  6°,2).  It  then  traverses 
the  sooth  fait  of  Newfoundland,  passes  the  north  of  the 
Fcrtw  Tales,  cuts  the  Norwegian  coast  as  high  up  as  Dron- 
tiaam  (lat  6S°  26',  temp.  i°fi).  As  soon  as  it  hu  traversed 
tte  Scandinavian  Alpa,  it  descends  toward  S.E.,  passes 
to  the  north  of  Chnstumia  (temp.  5°,4)  and  Stockholm 
.(IB^  '°i6),  to  the  Moth  m  Kasan  and  Uoecow,  and 
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reaches  the  coast  of  Asia  in  the  midst  of  the  chain  of  tbe 

Kuriles. 

8th.  Parting  from  the  west  coast  of  America,  the  wh 
thermal  of  zero  (pi.  >i.)  directs  its  course  toward  the  S£^ 
pastscs  by  the  soutn  part  of  the  lake  Winipeg,  and  cuts  the 
S.E.  angle  of  liabrador.  Thence  it  rises  abruptly  tiniini 
the  X.E.,  touches  the  Xorth  Cape  of  Xorway  (NorUi  Oipe, 
lat.  7P  l(y,  temp.  0^1),  descends  abruptly  toward  thesovth, 
in  the  interior  of  Lapland,  parallel  to  the  Scandinarian 
chain  ;  traverses  the  north  extremity  of  the  Gnlf  of  Bothmt 
(Uleaborgf  lat.  65°,  temp.  0^7),  passes  to  the  north  of 
Kasan,  Slatoust  (lat.  55°  8',  height,  380metre!S  temp.  — 0\7) 
and  Ik'rnaul  (lat.  53°  '2(y,  height,  118  metres,  temp.  1=.7); 
rises  on  the  east  coast  of  ^Vsiu,  toward  the  N.E.,  and  cuts  it 
toward  the  56th  imrallcl,  in  the  middle  of  Kamtschatki 
(Petropaulowsk,  lat.  53°,  temp.  2 ',04). 

The  isothermals  that  we  have  hitherto  mentioned  misht 
have  lx?en  traced  on  a  chart  on  Mercator's  projection ;  Sat 
the  followin«T  cannot  be  followed  throughout  their  course 
cXLV])!  on  a  terrestrial  globe,  or  on  a  chart  with  a  polar  pro- 
jection, such  as  that  of  pi.  vi. :  for  they  no  longer  make 
the  tour  of  the  earth,  but  thev  form  in  each  continent  two 
systems  of  concentric  curves.  A\''e  will  give  an  idea  of  their 
arnmgement.  which  is  as  yet  little  known. 

i>th.  The  isothermal  of  — 5  (pi.  ^1.)  pn^bably  com- 
mences toward  the  mouth  of  the  river  i^Iackenzie,  |)cnctrates 
into  the  interior  of  the  American  continent,  and  attains 
alH)iit  1)2°  of  west  longitude,  and  52^  north  latitude,  at  its 
nio<t  southern  point.  Then,  directing  itself  toward  the  X.E., 
it  passes  by  the  north  parts  of  I^brador  (Nain,  lat.  57*^  30'. 
temp.  —3  ,6  ;  Okak,  lat.  57  ,  temp.  — 3  ,6),  and  cuts  the  west 
coast  of  Greenland  at  the  height  of  the  polar  circle.  In  our 
continent  this  line  ocxiurs  between  the  AVhite  Sea  and  Nova 
Zenibla:  it  passes  several  degrees  to  the  north  ofToboIsk, 
attains  its  most  southern  point  imder  the  nteridian  of  Irkutsk; 
it  then  rises  again  toward  the  N.E.,  and  traverses  the  east 
coast  of  Asia  in  the  countries  of  the  Jakoutes. 

The  isothermal  of  — 10°  (pi.  vi.)  cuts  the  south  part  of 
Bear  Lake,  it  then  passes  into  the  neighlx)urhood  of  Fort 
Reliance  (lat.  62"  46',  temp.  — 10^2),  and  rises  again  at 
the  north.  The  curve  of  the  old  continent  traverses  Nova 
Zembla  (Felsenbai,  lat.  70'  37',  temp.  — 9°,4),  Matotschkin- 
Schar,  lat.  73"^  15',  temp.  — 8'^,4),  passes  into  the  neighbour- 
hood of  Jakoutsk  (lat.  62^  2',  iicisht  115  metres,  temp. 
— 9°,7) ;  then,  rising  towards  the  N  JI.,  it  reaches  Nischm- 
Kolymsk  (lat.  68°  18',  temp.  —10=). 

10th.  The  isothermal  of  —15°  passes  to  the  soath  of 
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MdvOle  Island,  by  Port  Elizabeth,  in  the  isle  of  lioothia 
(lat.  65^  59',  tenip.  — 15 ',7),  then  rises  to  the  north  of  the 
kle  oflerloolik  (lat  69°  20',  temp.  — 16°,6),  on  the  north 
iOiflt  of  Siberia.  This  line  appears  to  cut  the  coast  several 
Jmyct  to  the  west  of  Cape  iWaura ;  it  also  passes  perhaps 
117  u^jaatk. 

TBMFSRATURB  OF  THB  NORTH  POIdB.  —  Philo- 

^trpben  have  been  much  occupied  upon  this  problem,  which 
pnbaUy  can  never  be  resolv^  by  direct  observation.  The 
gnater  migority  of  ancient  authors  have  assigned  to  it  a 
voy  elevated  temperature.  M.  Araao*  distinguishes  the 
caae  in  which  the  solid  earth  would  extend  to  the  pole, 
Ikmi  thai  where  it  would  be  surrounded  by  water.  In  the 
Ibfmer  ease,  he  thinks  that  a  temperature  of —32°  may  be 
a«agnedtoit;  inthe  latter,  a  temperature  of— 18^  Mayer** 
wilfnlatiiww  assign  to  it  a  temperature  of  0°,  which  is  cvi- 
dcn^y  too  high,  out  that  which  M.  Araao  attributes  to  it 
^ipaan  to  me  a  little  too  low. 

Move  xeoent  voyaoes  render  it  very  probable  that  seas 
ezlcnd  to  the  pole,  n  this  is  the  case,  its  mean  temperature 
imial  be  about  — 8^ ;  a  figure  which  cannot  be  far  irom  the 
troth,  aince  the  observations  made  on  the  west  coast  of 
Ameriea,  on  the  east  coast  of  Asia,  and  on  the  west  coast  of 
Europe,  lead  equally  to  this  result.  In  studyinj^  the  tem- 
perature of  the  two  seas,  we  deduce  the  relation  existing 
between  this  temperature  and  latitude;  and  this  relation 
lads  ns  to  adopt  — 5^7  as  the  temperature  of  the  sea  at  the 
north  pole,  a  temperature  a  little  higher  than  that  of  the 
air.  TinE  difference  arises  from  the  land-winds  blowing  at 
the  pole,  which  lower  the  temperature  of  the  air.f 

*  vide  Amnmaire  dm  Bureau  det  Longitudes  for  1825,  p.  186. 
t  In  the  Mcond  Toyage  of  La  Reekereke  to  Spitsbergen,  in  July  and 
18W,  I  found,  by  means  of  sereral  of  WALrEBDiM's  inyerting  ther- 
eorreoted  for  preaanre,  and  employed  aimultAneoaaly  in  each 
k,  the  following  temperatures  at  the  surfooe  of  the  earth,  and 
ad  dUfcrcnt  depths :~ 


Fonm. 

Letltade. 

Longitade. 

in  Metres. 

at  this  Depth. 

at  the  Surface. 

TQP40rif. 

sr  615. 

196* 

r,91 

8»,0 

71    1 

SI    a 

940 

838 

7,5 

7S  » 

17  34 

S90 

8,68 

7,1 

7%  96 

18  as 

870 

0,10 

8,7 

TS  n 

14    S 

806 

9,49 

8,8 

74  n 

10  tl 

487 

0,89 

8,8 

7S  M 

6  66 

780 

0,49 

8.4 

76  IS 

10  S8 

641 

0.17 

8,4 

76  VI 

11     9 

817 

1,86 

9,4 

77  4S 

9  81 

191 

1,80 

M  n 

79  SB 

S  M 

66 

1.97 

93 

^.^.^ 
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poXiES  OF  oou>. — On  ecHnpftring  the  meui  tempen- 
ture  of  the  pole  with  that  of  a  great  many  filaees  on  the 
earth,  and  on  conmdering  the  ciurea  dwcribed  by  the 
isothermals,  wc  are  led  to  admit  that  the  poles  of  cold  do  not 
coincide  with  the  geographical  poles  (ride  pi.  ti.).  Brtwattr 
was  the  first  to  maintain  that  these  two  poles  were  in  the 
north  of  either  continent ;  he  thought  that  they  were  situ- 
ated under  the  80th  parallel,  and  in  93°  of  east  longitude, 
and  182^  of  west  longitude  from  Puis.  In  my  TreStueom 
Meteorolf^y^  I  have  shewn  that  one  of  these  points  is  at  the 
north  of  Barrow's  Strait,  in  America ;  the  otner  near  Cape 
Taimura,  in  Siberia.  Bercluras,  in  his  Atlas,  transfers  tne 
iVmerican  cold  pole  to  78°  of  north  latitude,  and  92  of 
west  longitude,  and  assigns  to  it  a  temperature  of  ^19',7. 
lie  places  the  Asiatic  cold  pole  under  79^  30'  north  latitude, 
and  1 1 8'  east  longitude,  and  gives  it  a  temperature  of — 17^,2. 
We  shall  probably  never  be  able  to  fix  exactly  the  pontioB 
of  these  two  points,  nor  to  determine  rigorously  theur  tem- 
perature. However,  taking  advantage  of  the  few  observa- 
tions that  we  possess  on  the  climate  of  Xorth  Asia,  I  find 
tliat  the  isothermal  of  — 5^  passes  through  the  following 
points : — 

corasE  OF  the  isothermal  of  «— 5°. 


Longitude 

60" 

E. 

Latitude  65° 

20'X. 

»< 

70 

»» 

64 

32      . 

n 

110 

n 

57 

41 

i» 

120 

1        " 

58 

21 

(Vide  pi.  VI.) 

Thus  it  descends  towards  the  south  at  110^  of  east  longitude, 
and  rises  again  towards  the  north ;  it  is,  therefore,  between 
the  70th  and  the  110th  degree  of  longitude  that  it  attains  its 
most  southern  point :  aud  between  these  meridians  we  may 
cxjxjct  to  find  the  pole  of  cold. 

TEMPERATURE  OF  THE  SOUTHERN  HEMI- 
SPHERE. —  Almost  all  meteorological  series  have  been 
made  at  places  situated  in  the  northern  hemisphere.  Science 
is  in  possession  of  but  vcrv  few  ol)sen'ations  on  the  other 
heiiiisphcre,  and  it  is  onfy  with  hesitation  that  we  can 
em])Ioy  the  means  that  have  been  deduced.  However,  we 
])osscss  some  data  on  the  high  latitudes  of  the  east  coast  of 
America.    The  following  have  come  to  my  knowledge : — 
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MSAH  TSMPXBITUBBS  OF  THE  80UTHEB1I  HBMISPHBRB. 


PLACX8. 

S.  LATITUDE. 

TEMPEBATUBB. 

Maranham     .    . 
Bio  Janeiro  .    . 
BneDOB  Ayrefl    . 
Falkland  Isles    . 
Port  Famine  .    . 

20  29' 

22  56 
34  36 
51     0 
53  44 

27°,40 

23,42 

17,00 

8,46 

5,04 

According  to  this,  the  isothermal  of  5<*  probably  cuts  the 
Kmth  extremity  of  America ;  it  is  in  this  latitude,  also,  of 
55^  that  the  same  isothermal  cuts  the  west  coast  of  North 
Animca.  We  may  hence  conclude  that  the  distribution  of 
heat  !■  nearly  the  same  in  the  two  continents  as  far  as  50° ; 
bat  the  temperature  of  the  south  pole,  deduced  from  that  of 
the  idaoes  situated  near  the  equator,  is  a  little  lower  than  that 
of  tne  north  pole.  The  temperature  of  the  Southern  Ocean 
is  also  colder  in  equal  latitudes  than  that  of  the  North  Sea. 
Travellers  have  put  forth  very  exaggerated  ideas  on  the 
difference  of  the  temperature  of  the  two  hemispheres ;  this 
is  due  to  the  small  number  of  stationary  observ-ers  that 
have  dwelt  there.  Kirwan,  Lerentll,  and  de  Humboldt, 
have  lonff  ago  remarked  that  the  cold  summers  alluded  to 
by  travdilers  decide  nothing  with  regard  to  the  mean, 
because  the  very  large  mass  of  water  tnat  is  found  in  this 
hemisphere  must  greatly  mitigate  the  rigour  of  the  winters. 
The  following  facts  prove  that  the  difference  is  not  so  great 
as  it  has  been  described. 

In  his  second  voyage.  Cook  could  scarcely  pass  beyond 
the  polar  circle ;  but  more  recently,  VTeddel  found  the  sea 
free  to  the  74th  degree  of  south  latitude.*  Forater'a  account 
appears  exaggerated :  he  thus  speaks : — **  In  the  middle  of 
aiunmer  the  mountains  and  the  coast  of  New  Georgia  are 
covered  with  snow,  even  to  the  edge  of  the  sea ;  it  is  oiilv  on 
certain  spots  more  exposed  to  the  sun  that  this  bed  is  able  to 
melt,  and  leave  the  earth  bare.  On  the  spot  where  we  landed 
we  found  only  two  plants,  the  Ancutrum  decunibens^  and  the 


•  The  ice-bank  by  which  navlgatora  are  stopped  oocnples  every  year  a 
fttfltomit  place,  and  presents  rery  rarlabie  solutions  of  continuity.  Thus,  in 
his  two  attempts  to  advance  towards  the  south  pole,  DoMOWT-DuaviLLi  was 
rtoppetl  each  time  near  the  polar  circle,  although  he  tried  several  times 
to  penetrate  into  the  ice.  Since  his  time.  Mr.  Jamis  Roes  found  the  sea 
naVlsable  as  fkr  as  7S*  4'  of  south  latitude. 

k2 
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traorainarv  dimtte  in  54*  SO*,  to  pradnwM^twt 
Togunic  plants,  and  where  the  earth  ihoald  be  ttm 

with  snow  all  Uie  snnuner :  hot 


gladers  descend  firam  elevated  waaaMm^  wmL  tiie  MTof 
be  voyagers  was  mneh  too  ahoit  to  indBea  as  to  Mnt 
that  they  had  oolleeted  all  the  Ikmen  of  the  MknL  ObsIl 
mentions  a  moss,  of  which  Fonsler  does  not  ipoik  ;(*  Wliiii^ 
who  visited  the  island  more  recently,  wja  that  iSbmmmm 


six  decimetres  high,  and  that  he  ftand  %  lum  ^ 
of  antiscorhntic  plants.    Sooth  Nova  8eoCia»  wSlcli  is 
ated  several  degrees  &iiher  sooth,  prodoees  dao  a  gna 
a  lichen. 

The   descriptaon  thai   riwnisi    givea  of  TIsRft 
Fuego  is  not  more  flattering.    ^  The  west  eoiat»*  i 
**isachainofnakedrodM,&eenmMitBofwhkhnge< 
with  snow.    In  a  large  haihoor,  dtoated  aft  the 
of  Cape  Horn,  where  we  passed  sevenl  dayi^  wvdid 

the  least  trace  of  ve^ptation,  ennt  a  noa  vUek 

marshy  places;  and  m  ravines,  and  certain  vallejs,  a  shaft 
and  a  few  thinly  scattered  trees.**  Oook.  on  the  cenUa^ 
speaks  of  the  same  spot  a  being  very  rich  in  wood  and  a 
herbaceous  plants ;  and,  more  sontherl^,  vreidai  wa  aUe 
to  make  planks  from  the  trees  with  whidi  he  met.  Baafea 
was  more  fortunate  than  Forater }  in  the  Bay  of  St.  Ymeent, 
near  the  Strait  of  liemaire,  he  found,  in  the  snwe  of  ftor 
hours,  a  hundred  species  of  new  planta,  heroaeeoos  and 
woody.  The  birch  (Betda  aniaretiea)j  of  which  the 
consist,  had  a  trunk  nine  or  ten  metres  high,  and  a 
eight  decimetres  in  drcumferenoe ;  and  yet,  a  thea 
were  near  the  sea,  we  must  admit  that  thej  did  not  attain 
their  full  developement.  One  degree  farther  to  the  north, 
near  Port  Famine  Tmean  temp.  5°),  Byron,  ntsroy^  and 
iKuiMmi-iHirTilie,  found  the  shores  of  the  Strata  of  liik 
gellan  covered  with  forests  of  most  magnifieent  antaictie 
beech-trees,  called  Fagus  atUareHoa.  Some  of  the  tna 
were  2,4  metres  in  diameter ;  the  woods  were  tenanted  by 


•  FoMTiE  hM  gTMtiy  ezamratod  tte 
For  a  long  time,  also,  on  the  fUth  oTBfAknm  of  AaiiilNtt<g;i  Pmm, 
Pakkt,  and  Sabimb,  it  has  been  thought  that  the  immber  of  plants  at  Bpits^ 
benten  did  not  exceed  a  hundred.  Since  ibm  royage  of  KjnLBAP,  and  thoM 
of  the  Coouninion  of  the  North,  the  total  mnnber  of  the  |ilinH  iwnil  In  Hih 
Idle  amounts  to  SIO.  (Vide  Fhra,  1841,  No.  SI.)  At  Magdaleiui  Bi^,  Ib 
79*-  24'  north  latitude,  in  a  very  limttwl  ipaea,  expoMd  to  aU  tha  TJolaoBM  ef 
the  Ma-brecaes,  I  coUectad  tweoty-ibur  phirwnniniki plama,  A llitortiMB 
is  found  hi  nur  Ohtmtatiom  om  tke  Qlmekn  qf  fcifclniM  (r ' 
UmiveneUe,  Julj,  1840).— X. 
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ftROtSi  and  the  oatires  were  quite  naked— a  proof  that  the 
vintar  is  not  very  rigorous. « 

Barmw'a  reporto,  on  the  expedition  of  the  ships  Ad' 
mthm  and  Beagle^  agree  with  these  relations.  Accordins 
to  him  the  east  part  of  Terra  del  Fuego  is  the  hest  of  aU 
Ihe  countries  whidi  are  situated  south  of  45°  of  south  lati- 
tude. The  woody  mountains  of  the  west  are  reduced  to  the 
mnk  of  hillo,  or  plains,  covered  with  trees.  The  climate  is 
a  mean  between  that  of  East  Patagonia  and  West  Terra  del 
Fneps  which  is  penetrated  by  a  deep  bay,  with  islands 
itndEled  with  mountains,  rising  to  about  600  metres.  The 
weather  is  cloudy,  rainy,  and  unsettled,  throughout  the 
year.  The  west  part  of  Patagonia  is  formed  of  a  great 
mimber  of  islands,  the  interiors  of  which  are  covered  with 
impenetrable  forests ;  the  rain  is  continual,  and  the  earth  is 
never  dry. 

These  gales  and  incessant  rains  render  the  summer  of 
these  oonntries  very  dij*^eeable,  but  the  winters  are  very 
mild ;  and  although  at  Port  Famine  the  thermometer  does 
not  rise  above  9°,8,  it  does  not  fall  so  low  as  the  freezing 
point  during  the  winter.  This  climate  is,  therefore,  very 
inalogous  to  that  of  West  Norway,  where  the  rain  re- 
freshes  the  summers,  and  keeps  the  winters  warm.* 

Attempts  have  been  made  to  explain  this  lower  tempera- 
ture of  the  southern  hemisphere ;  it  has  been  said  that  the 
nimmer  is  some  days  longer  in  the  northern  hemisphere  than 
in  the  other ;  but  this  difference  is  of  trifling  importance, 
and  is,  moreover,  compensated  in  a  great  measure  by  the 
lesser  distance  of  the  earth  from  the  sim  during  its  south 
declination. 

Others  have  spoken  of  the  great  mass  of  water  that  is 
found  in  the  southern  hemisphere ;  the  water  reflects  one  part 
of  the  rays,  and  the  other  penetrates  into  its  interior,  and 
does  not  contribute  toward  heating  its  surface.  But  it  must 
be  allowed  that,  in  the  course  of  ages,  the  heating  of  the  in- 
terior strata  must  lonp  ago  have  attained  its  limit.  It  would 
be  the  same  if  we  wished  to  instance  the  greater  caloriflc 
capacity  of  water  compared  with  that  of  the  earth ;  this  cir- 
cumstance must  have  an  influence  over  the  extent  of  the 
diurnal  variations,  but  not  over  the  annual  mean.  We 
may  even  deduce  from  it  the  opposite  consequence :  which 

*  The  mildneM  of  thetc  cUmatef  is  also  due  to  a  current  of  warm  water 
ftat  aacenda  along  the  west  coast  of  South  America,  and  trarersefl  the  Straits 
of  Magellan.  I  obtain  this  information  trom  Captain  Dupebrct,  who  has 
royacwi  in  these  latitudes. — M. 
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18,  that  the  scmthem  hemisphere  ooglit  to  he  hotter  thaAi 
other,  on  account  of  the  neater  man  of  water  that  eovn 
it ;  for,  as  the  surface  of  the  earth  itaelf  erapontei  loi 
than  the  ¥rater,  the  vapours  come  from  the  wert  sesi ;  nd, 
as  the  atmosphere  that  covers  them  is  drier  than  that  of  tk 
west  seas  of  our  hemisphere,  the  Utter  oogfat  to  he  eoUer, 
on  account  of  the  more  active  evaporation,  and  the  grarter 
quantity  of  heat  that  becomes  latent,  in  conaeqiieoee  of  tlfli 
evaporation. 

1  think  it  is  to  the  particular  configuration  of  the  mft 
continent  that  must  he  attributed  its  low  tempentnre  m 
high  latitudes.  In  the  northern  hemisphere  the  eqpBtorid 
currents  are  urged  toward  the  hish  latitudes  by  the  pre- 
vailing S.W.  winds ;  in  the  other  hemisphere,  on  the  eoa- 
trary,  the  current  of  the  Indian  sea  turns  to  the  north,  or 
the  west  coast  of  Africa.  It  could  not^  therefore,  heal  tke 
countries  that  surround  the  south  pole.  It  anpears,  tin, 
that  there  are  no  currents  goinff  from  Cape  Horn  to  die 
south  pole;  if,  as  modem  travels  seem  to  prove,*  that 
exist  extensive  territories  in  the  neighbourhood  of  this  pole, 
they  ought  to  turn  back  the  equatorial  currents ;  and,  tbtir 
climate  bein^  very  severe,  they  would  also  cool  the  current 
of  air  by  which  they  are  traversed.f 

TEMPERATURE  OF  THE  GROUND. — Ka  spherical 

body,  that  is  a  bad  conductor  of  heat^  be  exposed  in  the 
open  air,  having  in  its  centre  the  bulb  of  a  thermometer, 
the  scale  of  which  is  visible  exterierlv,  the  diurnal  varia- 
tions of  this  thermometer  would  be  less  than  those  of  an 
instrument  suspended  freely  in  the  air;  their  amplitudes 
will  be  the  less,  the  more  solid  the  body  is,  or  the  more  its 
substance  is  a  bad  conductor  of  heat.  ^The  temperature  of 
a  body  of  this  nature  \^ill  be  never  very  far  away  from  the 

*  Sc<>  espcclftllj  those  uf  Bi«coE,  W^fddel,  Bai.E!«t.  Dmoirr-DnviLLE, 
and  Jamu  Botu. 

t  Perhapt^  iu  explaining  the  unequal  temperature  of  the  twohcmUphem. 
wc  ought  to  include  the  radiation  of  the  ground  toward  celestial  »pace. — a 
radiatum,  the  intensitv-  of  which  may  ranr  according  to  the  different  region* 
uf  siAUoe,  an  M.  Pucii.let  iK)ints  out.  Indnite  »pace,  peopled  with  the  m^- 
riads  of  »tan  that  Mirround  us,  with  regard  to  its  thermic  electa,  maj  be 
ideally  represented  by  an  immense  hollow  sphere,  the  surface  uf  whkh 
is  retained  at  a  certain  constant  temperature,  that  mi^t  vary  fhsm  one 
point  of  the  fturfacc  to  another.  It  is  not  impoasible  thiat  the  mean  tem- 
perature of  the  s<»uth  polar  regions  of  this  hoUow  sphere  would  be  notably 
lower  than  that  of  the  regions  near  the  north  pole  of  the  said  sphere,  and 
thi-  inoqu.-dity  of  the  temperatures  of  the  two  hemispheres,  which  are  tey^r 
rat  Oil  hy  the  plane  of  the  celestial  equator,  might  Induce  a  corresponding  in- 
f<|iiality  in  the  two  hemispheres  of  the  earth.  This  thought  is  suseeptilde 
of  verification  ;  and  properly  conducted  aetmomrtrtc  experiments  nay  oue 
ilay  decide  this  delicate  question. — M. 


r 
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of  the  day  on  which  the  ohservation  is  made — a  mean 
that  may  he  deduced  from  a  single  or  from  two  daily  ob- 
lervations. 

The  terrestrial  ^lohe  is  a  hody  of  this  kind.  Thermo- 
en  fturnished  with  long  tubes  are  buried  in  the  ground, 
their  indiestions  are  noted  every  dajr.  In  Germany,  at 
dedmetres  deep,  the  diurnal  variation  disappears.  If 
holb  is  hnried  still  deeper,  the  hours  have  no  influence ; 
the  indications  do  not  change  in  the  course  of  the  day* 
-nnaUy,  between  six  and  ten  metres  the  instrument  inm- 
thionghout  the  day  a  temperature  which  is  very 
that  of  the  annual  mean.  The  depth  at  which  this 
temperature  is  found  denends  on  the  conductibility 
ui  the  nil,*  and  especially  on  tne  difference  between  the 
of  winter  and  those  of  summer.  In  trojneal  America, 
this  diflferenoe  amounts  to  only  a  few  degrees,  we  have 
to  plunge  the  thermometer  to  a  depth  of  five  or  six 
in  order  to  obtain  this  mean.f 


FoaiM  nude  wamt  oompantlTe  ezperiaaeiits  near  Edinburgh,  on 
of  temneratore  at  difRsrant  depuM  in  tlM  trap  of  C«lton  Hill, 
bed  of  HUDd,  and  in  tbe  ooal-aandatooe  of  Cnl^etth. 


MAXDIUH  AMTUTDDB  OT  TBI  AVinJAL  YABIAnOW. 


-». 

mi 

n  or  THB  MAXIMA  OT 

1.0 

m. 
1.9 

m. 
3.9 

m. 

7.8 

m. 
1.0 

m. 
1.9 

m. 
3,9 

m. 

7,8 

a :  : 

10*,53 
11,28 

9,56 

€•,61 
8,30 
7,72 

3",  6 
4,19 
6,22 

0",80 
1  ,16 
2,28 

6  Aug. 

31  July 

6  Aug. 

2  Sep. 
24  Aug. 
19  Aug. 

17  Oct. 

7  Oct. 

11  Sep. 

8  Jan. 
30  Dec. 
11  Not. 

Theaa  reanlta  are  corrected  fbr  the  expansion  and  oontraetlon  of  the  part 
of  tka  thennnnetrie  rodathat  is  buried,  and  of  thai  which  la  exposed  (Cvmp- 
m  rtmhu  de  VAaadtmie  de$  Science;  t.  riii.  p.  85.  1839).— M. 

t  We  are  indebted  to  M.  Bocssimoault  fiurthis  result,  which  he  obtained 
bf  %  great  number  of  observations.  Thus,  at  the  Tillage  of  Vega  de  Zupia, 
Intke  CordHleras,  eloTated  1225  metres  aboTe  the  sea,  long  series  of  thermo- 
BSliie  oboenratloiM  made  in  the  open  air,  in  1825, 1826,  and  1829,  haTe  ena- 
bM  OB  to  fix  the  mean  temperature  at  2I'*,5.  At  three  decimetres  below  the 
nrfkea,  in  a  doeed  h<de  rowisd  over,  a  thermometer,  in  August  and  Septem- 
bar,  marked  21*,5,  or  2P,6,  but  more  flre<iuentl7  2r,5.  The  same  resulu 
««r«  obtained  in  the  mlnee  of  Ifarmato,  at  1426  metrea  aboTe  the  sea ;  at 
thavlIlafceofPuraoe,  2651metraa;  at  Popajan, eloTated  1808  metres;  and 
Id  Q;nrft**i  which  is  2914  metres  abore  the  sea. 

IL  BocasisroAUiT  has  giTen.  p.  244-7,  Atmates  de  Ckhmie  et  de  Physique, 
t,  BIL  1833.  the  mean  temperatures  of  128  poinU  situated  between  11°  north 
lM*1~*^i  amd  5*  south  latitude. 

Thto  rule  is  not  at  all  applicable  to  our  hemisphere,  where  Tery  different 
laws  preTail  as  we  approach  the  pole.  At  Jakoutak,  hi  Siberia,  in  62«  of 
latitude,  and  at  a  mean  temperatore  of  — 9*,7  (vide  the  aceCoh,  p.  476), 
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If  thermometen,  buried  it  difocnt  deplfai,  an  ninri 
near  each  other,  not  only  will  their  Tuistioni  be  Moodt 
but  their  ranges  will  differ  oonsideraUy  from  that  of  tiM 
temperature  of  the  air.  The  days  whoi  theae  ' 
ters  will  attain  their  maxima  and  mmhma  will  ooenr 
or  later  after  thoee  on  which  the  thermometer  in  the  e^ 
air  will  indicate  theae  extreme  tempentures.  If  the  nib 
of  the  thermometer  is  bnried,  for  eiample,  1%S,  m  the 
|rround,  the  mimmum  wiU  take  place  in  Much,  the 
m  September,  that  is  to  aay,  two  months  after  tiie 
and  maximum  in  the  air.  In  ftct,  when,  dorinff  i 
the  temperature  of  the  air  and  of  the  surfibee  of  toe  graaad 
is  raised,  the  heat  penetrates  slowly  through  this  badlf 
conducting  body ;  and  some  time  elapses  before  the  thenno- 
meter  is  influenced  by  these  changes.* 

M.  Ebmak,  and  after  him.  If.  ScMiBoni,  took  the  tcmpcratnra  of  llMpiMl 
in  a  pit  dug  for  the  parpoat  of  finding  water.    The  ftdkifwiiig  rMaaavwi 

ubtained : — 

DEPTH.  TSMPnUTCVB. 

23,ft  -6 .9 

3»*».3  -6 ,0 

116,5  -0.6 

(Viiie  Compffs  rntdw  de  I  \4eadfmie  dn  Scintert,  t.  Ti.  p.  501.  183A).— M. 

«  M.  (Ketelet.  director  of  the  Oliwrratory  of  Bnunela,  made,  from 
lr^\  to  1^39,  a  series  of  oliservations  on  the  range  of  thennometen  burled  is 
the  ground  at  depths  of  0*,19:  0",4.S;  0«T5;  I  ■00;  l^.ttft;  3»,90:  and 
7",^6.  The  results  to  which  he  arrived,  and  their  mathematical  dlic  iiirinn, 
form  the  8ubject  of  two  long  memoirs,  inserted  in  the  tenth  and  thirCecoth 
volumes  of  the  yicmoirs  tjiftke  Brussels  Academy.  In  this  place  1  can  onlj 
give  the  general  con9C4iuences  that  he  has  deduced  from  his  obserrations. 

1st.  The  mean  rate  of  the  transmission  of  heat  from  the  sorfiice  of  the 
gn^und  was  Tb.iO,  in  144  days,  which  gives  three  decimetres,  trmTened  in  six 
da.vs. 

2(1.  On  comparing  the  observations  of  Paris,  Strasbourg,  Zurich,  and  Bn»> 
9el5.  he  finds  that  the  annual  variations  are  null  at  a  depth  of  twentr-ftiar 
nietrcit.    The  amplitudes  obsenred  at  BnuseU,  from  1n34  to  IS37. 


DETTU. 

AMNUAL  VAaiATIOm 

0,19- 

I3*.a8 

0,45 

12.44 

0.75 

11  ,35 

I, no 

10,58 

1,9ft 

7,59 

3,90 

4,49 

7,S0 

1  .13 

.Id.  The  rapiditT  with  which  the  dhimal  variations  oftemperatum  ai« 
trani^mitted  to  the  interior  of  the  earth  is  about  three  hoars  for  a  bed  of 
earth  one  decimetre  thick. 

4th.  Diurnal  variations  may  be  considered  as  almost  nothing  at  the  depth 
of  i«.3,  that  is  to  say,  at  a  depth  nineteen  timee  leas  thanthat  to  which 
the!*c  annual  variati«>ns  extend  in  a  like  degree.  At  («",5  deep,  M.  Beatau 
observed  at  Boeekop  a  variation  not  exceeding  one  degree. 

The  mean  temperature  of  the  year  is  deduced  from  those  of  the  ground* 
by  tiaving  rccoune  to  one  of  the  three  following  mettwdi  i— 
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kTiraUB  or  8PRIN08. — SpringB  and  foiin« 
owe  thdr  origin  to  rain-wsten,  which  pei^rate  by  the 
■nd  ilHares  of  the  soil,  collect  into  reservoirs,  and  run 
Ml  when  they  find  an  issne.  Hence  it  is  observed  in  all 
iBmiries  that,  alter  long  drought,  the  spring  dry  np; 
aldbt  thejr  become  more  abundant  after  continued  rains. 
During  ramy  years  miners  have  much  difficulty  in  protect* 
kg  themselves  from  infiltrations;  but  the  narrowness  of 
te  channels  in  which  the  water  circulates  is  such,  that  it  is 
■ol  until  several  days,  or  even  several  weeks,  after  a  heavy 
tifai,  that  these  infiltrations  become  more  abundant 

Hie  water  beine  thus  for  a  long  time  in  contact  with  the 
beds  of  which  the  soil  is  composed,  the  equilibrium 
if  temperature  is  established  between  them :  according  as 
the  rain-water  is  hotter  or  colder  than  the  terrestrial  strata, 
it  eoola  or  warms  them.  If  it  is  collected  in  a  subterranean 
reservoir,  sufficiently  deep  that  the  diurnal  variations  have 
ao  longer  any  power  to  act  on  it,  it  will  acquire  a  certain 
iegree  of  temperature.  In  passinff  out  by  any  channel,  its 
temperature  will  be  modified  by  Uie  sides  of  this  conduit ; 
it  will,  therefore,  be  reduced  in  winter  and  elevated  in  sum- 
ner,  especially  if  we  think  of  the  great  capacity  of  water 
!or  heat. 

Abundant  springs,  which  come  from  a  great  depth,  have 
ilmost  invariably  the  same  temperature  throiignout  the 
jrear.  It  is  not,  however,  identical  with  that  of  the  soil, 
ilthouch  for  a  long  time  we  have  thought  we  could  admit 
diis.  If  mountains  rise  abruptlv  above  the  plain,  the  foun- 
tains that  play  at  the  foot  of  the  mass  will  be  colder  than 
those  that  appear  in  the  plain  at  a  little  distance.  The 
water  which  penetrates  the  soil  at  the  summit  of  the  moun- 
tain is  very  cold,  especially  when  it  arises  from  the  melting 
of  snows :  it  then  cools  the  strata  through  which  it  passes, 
BO  that  mountain-springs  have  generally  a  very  low  tem- 
perature. 

Springs,  whose  temperature  is  constant  throughout  the 
course  of  the  year,  are  very  suited  for  determining  the 

1  ft.  By  a  single  obaenration,  taking  the  temperature  of  the  earth,  at 
twenty  metres  deep,  and  correcting  it  for  the  rise  of  temperature,  in  pro- 
portion to  this  depth,  which  may  be  estimated  at  one  degree  for  each  thirty 
or  thirty-flTe  metres ; 

Sd.  By  the  obserrations  of  two  separate  months  of  a  half-year,  taking 
the  temperature  at  a  few  yards  deep  only ; 

3d.  By  the  obsenrations  of  four  months  equally  distributed,  reading  ther- 
mometers placed  in  the  open  air,  or  on  the  surface  of  the  earth. 

The  question  of  the  temperature  of  the  globe  has  been  treated  with  the 
fbllcfft  details  in  the  work  by  Professor  G.  BiscHorr,  entitled.  Die  Waermekkre 
dtr  hmtm  wucrt  Erdkcerpert ;  Leipaic,  18S7. — M. 
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mean  temperature  of  the  year,  because  two  or  time  oterr- 
ations  are  suffident  for  Imowing  thia  meon  tempentaic. 
However,  we  should  not  foi^  a  remark  fiiat  node  Iff 
'Wahienberv.  Having  observed  in  the  neighboariMMd  <f 
Upsal  a  great  number  of  sprinffs,  some  of  which  praefndi 
constant  temperature,  whilst  uat  of  others  w«s  TarisUe,k 
found  that,  at  a  mean,  the  constant  springs  had  a  hi|^ 
temperature  than  the  others.  This  ia,  becooae  tliej  amt 
from  a  great  depth.  Experiments  made  on  Artesian  wdh 
shew,  in  the  most  evident  manner,  that  temperature  i» 
creases  with  depth.  The  water  of  some  of  these  wdk,  sii 
of  almost  all  mineral  springs  that  are  not  thermala,  gives  i 
higher  degree  of  temperature  than  that  whidi  eormponii 
to  the  depth  of  their  reservoir :  henoe,  it  is  often  yeiy  £fr 
cult  to  decide  whether  a  spring  may  be  made  use  of  m 
meteorological  researches.* 

Roelmck  was  probably  the  first  to  advise  the  obsem- 
tion  of  snrings  in  order  to  obtain  the  mean  temperature  of  i 

Elacc.  He  observed  that  those  of  London  and  £dinbai)d 
ave  a  temperature  that  very  closely  approaches  that  of  ue 
annual  mean.  After  him,  John  Hunter  again  directed  at- 
tention to  this  subject.  But  it  is  principally  the  obser- 
vations  of  MM.  de  Hnmboldt,  VTahlenberiP,  de  Bvck, 
Erman,  and  Knpffer,  made  in  almost  all  parts  of  the  world, 
which  have  demonstrated  the  interest  of  researches  of  this 
kind. 


*  The  experiments  of  M.  Walfekdiw,  in  the  Artesian  wells  of  the  Pirii 
basin,  are  oontrjiry  to  the  opinion  of  M.  KAUtrac,  who  in>ists  that  the  tfo* 
perature  of  the  waters  playing  from  an  Artesian  well  arc  higher  than  thst 
which  they  ought  to  hare  in  respect  to  the  depth  of  the  reMrrinr.  M.  Wal- 
rKKDiN  made  use  of  his  inrerting  thermometer.  These  Instruments,  U 
which  a  description  and  figure  are  given  in  M.  Poriixcr's  Elements  de  i*Af* 
siqtu',  t.  ii.  p.  .M)7,  and^f^^.  366,  were  protected  from  prewure ;  and  the  aothor 
always  employed  sereral  simultaneously.  Their  agreement,  which  Is  oftco 
marvellouB,  is  a  guarantee  to  the  correctneM  of  the  results.  The  foUovlng 
are  instances : — 


ABTESIAM  WELLS. 


I  Military  School .  .  . 
I  St.  Andr^  (Enre)  . 


Grcnellc 


1 


DEPTH. 


137- 

253 
400 
400 
505 


TEaipeaATCBE. 


I6'.40 
17  .H5 
23,50 
23,75 
26.43 


ixcEXASc  or 
l^'roB 


30-.W 

30  ,95 

31  ,50 
aO  .87 
S2  .30 


I 


To  deduce  the  law  of  the  increase  of  temperature  in  proportion  to  the 
depth,  the  constant  temperature  of  II ".7.  which  is  that  of  a  thennom«^^ter 
placed  28  metres  deep,  in  the  cellars  of  the  Obserratorj,  has  been  taken  as  a 
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The  differences  that  are  found  between  the  temperature 
of  springs  and  the  mean  of  the  years  arc  due  to  the  climac- 
teric conditions  peculiar  to  each  locality.  In  Western  Europe 

«  »  an  equality;  in  Western  Norway,  on  the  contrary, 

ipiiDgB  appear  to  be  a  little  colder  than  the  air.    lii 
as  we  recede  from  the  sea-shore,  in  that  part 
which  18  on  the  north  of  the  chain  of  the  Alps, 
are  hotter  than  the  air;  and  the  difference  is 
as  we  penetrate  more  deeply  into  the  interior  of  the 
In  almost  all  Italy,  and  between  the  tropics,  the 
ifriiMi  are  colder  than  the  mean  of  the  air. 

BL§m  BqA  was  the  first  to  explain  these  apparent  ano- 
Milic%  by  attending  to  the  mode  of  the  formation  of  springs. 
If  it  nerer  nuiied,  the  soil  would  haye,  at  a  certain  depth, 
llie  Bwaa  temperature  of  the  air ;  if  the  same  quantity  of 
nin  ftn  every  month,  and  if  we  admit  that  this  rain  is  at 
the  tenmenture  of  the  air,  the  mean  of  the  springs  would 
be  enu  to  that  of  the  air.  This  is  the  case  in  England, 
wlien  as  much  rain  falls  in  winter  as  in  summer.  In  coun- 
lik%  on  the  contrary,  where  the  summer  rains  exceed  those 
of  tbe  winter,  the  mean  temperature  of  the  water  that  falls 
k  biglier  than  that  of  the  air,  and  the  springs  are  in  the 
nme  condition.  So,  also,  in  Sweden  and  Grermany,  the 
snri^a  are  many  degrees  warmer  than  the  annual  mean. 
The  oontnury  occurs  in  countries  where  it  rains  much  in 
winter,  as  Norway  and  Italy.  In  tropical  countries,  the 
temperature  &lls  rapidly  at  the  commencement  of  the  rainy 
season;  but,  in  the  localities  where  it  rains  in  intervals 
throDghout  the  year,  there  is  an  identity  between  the  heat 
of  Um  springs  and  that  of  the  air. 

DBORBASB      OF      TEMPSRATURB     VTITH     THE 

?, — In  proportion  as  we  ascend  a  mountain,  it  is 


gpoliit.  Thus  It  b  proved  Hut  in  the  dka/ftttnta,  which  fbmu  the  lower 

Kcim  Paris  basin,  the  tvmperature  Increaaes  1"  for  erery  31  or  82  metres. 
last  <rf these  numbers,  obtained  by  MM.  Aeaoo  and  WAhnxDiv,  in  ex- 
ptrhmnta  made  by  them  at  tbe  well  of  Orenelle  with  most  minute  careful- 
mmm,  baa  yst  been  disputed  by  philosophers ;  but  it  was  eanr  to  shew  its 
■eemraey,  slnoe  the  water  flows  to  the  surfStee  of  the  soil.  We  know,  indeed, 
ttMt  It  oomes  flnom  a  depth  of  648  metres.  If  the  notation  of  26^,43  esta^ 
bllriied  fbr  506  metres,  and  the  law  of  1"  of  increase  fbr  erery  83,3  metres, 
wUch  baa  been  daducod  firom  It,  be  correct,  we  must  find,  firom  this  latter 
datum  ft>r  48  metres,  the  difference  between  the  depth  of  606  and  648  metres, 
1*A  which,  when  add«l  to  S6*,48,  obtained  for  606  metres,  makes  27«,76. 
Mow,  the  water  that  oomes  to  the  sorfkoe  has  a  temperature  ottmm  27^66 
to  f7*,70,  and  this  minimum  difflsrence  corresponds,  as  M.  WALmDUt  was 
•anrad  of  by  experiments  of  another  kind,  to  the  diminution  of  temperature 
thaA  flowing  water  experiences  in  ascending  firom  a  depth  of  648  metres,  to 
Hl§  upper  orifice  of  the  welL 

WV  see  that  It  was  dUBeult  to  find  a  more  striking  agreement  between 
tba  latter  tamperatnres  obtained  before  the  starting  forth  and  those  of  the 
watar  that  now  runs  on  the  iorfooe  of  the  soiL— M. 


ll  -   *.  -^ 


SIO 

found  that  the  tempentuTe  fidlt.  Cw  SHnr  undoytefflj 
occur  in  whkh  this  fidl  is  nothiiu^,  or  in  vnkh  it  Is  eva 
wanner  above  than  below ;  but  theae  e»ec|>tkma  ait  nrei 
and  are  to  be  traced  to  the  direetion  of  the  winds  and  to  the 
8oa.son.  Sometimes,  indeed*  warm  sooth  winds  Fferail  above 
whilst  the  north  wind  blovrs  on  the  plain.  To  know  the 
laws  of  the  decrease  of  temperature  with  the  iKuht,  ne 
must  take  the  mean  of  a  great  many  observations.  The  lav 
according  to  which  temperature  decreases,  as  to  the  limits  of 
the  atmosphere,  is  yet  unknown ;  however,  within  the  hmiti 
that  have  hitherto  been  examined,  we  commit  no  great  enw 
in  admitting  that  the  same  differences  of  level  correspond  to 
the  same  differences  of  temperature.  If,  then,  we  know  the 
tirst  of  these  quantities  we  shall  divide  it  bv  the  second,  ind 
the  quotient  will  indicate  the  niunl)er  of  metres  that  ve 
niu^t  ascend  in  order  that  the  temperature  may  &U  one 
de«^rec. 

Lou7  seric'i  of  correspondent  observations,  made  at  great 
tliiic fences  of  level,  shew  that  this  decrease  varies  with  the 
sciisou  and  with  the  hour  of  the  dav.  The  observations  that 
de  Saussore  continued  for  seventeen  days,  on  the  Col  da 
(lv:int,  o42S  metres  alwve  the  si^'a,  whilst  simultaneous  ob- 
servations wt-re  bcinj;  made  at  Geneva  (407  metres),  and  at 
Chamouni  (1044  metres),  have  made  the  horal  influence 
c'V  idcnt.  Accf)rding  to  the  olisenations  of  de  Sat&ssurey  and 
tho>t'  which  1  made  on  the  Kigi  (is  10  metres),  while  obser- 
vations were  bein^r  made  at  B:isle,  at  Berne  (J4S  metres),  at 
( uiK'va,  and  at  Zurich  (4o9  metres),  the  following  are  the 
hei<:hts  in  metres  wliich  we  must  ascend  in  order  to  obtain  a 
decrease  of  one  degree : — 
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nrwEMMKcm  of  ueysl,  cobbbspohdisg  to  a  fall  or  1° 

OP  THB  THXBMOMBTSB,  AT  ALL  HOUB8  OF  THE  DAT. 


1 

COLDU 

COL  DU 

/ 

BOCBS. 

oiAHT. 

BIOI. 

HOURS. 

GEANT. 

BIGI. 

m. 

m. 

m. 

m. 

Noon. 

147,93 

129,81 

Midnight 

170,93 

163,91 

1 

n 

131,75 

13 

« 

168,40 

2 

139,94 

128,83 

14 

189,06 

174,63 

3 

M 

127,08 

15 

ty 

180,68 

4 

141,89 

124,35 

16 

209,91 

185,16 

5 

w 

121,81 

17 

n 

186,33 

6 

140,92 

122,01 

18 

194,90 

178,92 

7 

*i 

127,86 

19 

n 

168,01 

8 

143,06 

135,65 

20 

179,90 

153,19 

9 

n 

144,42 

21 

« 

144,42 

10 

156,90 

152,02 

22 

160,02 

139,36 

11 

>» 

158,46 

23 

« 

121,95 

Mean 

(Col< 
••   iRigi 

3u  Geant 

•    .     • 

.  164,69 
.  149,10 

(Vide  Appendix, 7^.  19.) 

D«  SauBSTure  made  obsers^ations  during  the  night ;  being 
done,  I  could  not  read  the  barometer  longer  than  from  five 
in  the  morning  till  ten  in  the  evening,  and  the  laws  of  noc- 
tumal  decrease  are  deduced  from  those  of  the  day.  Although 
these  tables  present  a  few  anomalies,  yet  thcpr  render  the 
iiurnal  period  clearly  evident.  About  five  m  the  even- 
ing is  the  time  when  the  decrease  of  temperature  is  most 
rapid,  and  towards  sunrise  it  is  slowest.  The  difference  that 
corresponds  to  these  two  times,  deduced  from  observations,  is 
equal  to  about  the  third  of  the  mean  height  that  we  must 
ascend  in  order  to  obtain  a  fall  of  one  de^e.  The  difference 
of  the  two  means,  164"',7  and  149'",1,  is  derived  from  the 
differences  that  the  meteorological  phenomena  presented  in 
the  course  of  the  two  series.* 

*  If  the  diumal  rmriation  of  the  thermometer  followed  the  nune  Uwt  on 
momitains  and  on  plaint,  the  two  thermometers  would  rlM  and  fkll  timul- 
taneously ;  and  their  ranges,  remaining  parallel,  the  dUTerence  of  their  in- 
dications would  be  constant.  The  decrease  of  temperature  would  not  rary 
■ecording  to  the  hours  of  the  daj.  But,  if  the  two  diurnal  corree  of  the  tem- 
perature of  the  two  stations  are  construeted  graphically  (taking  the  time  as  the 
ahecissa),  we  immediately  recognise  the  want  of  parallelism.  In  the  follow- 
faig  table  M.  Bbatais  has  chosen  fbr  his  lower  station  the  mean  of  eorre- 

at  Milan,  Oeneva,  and  Znrioh.     The  uppv 
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The  annual  period  is  not  kn  mailced  m  oar  dnata; 
the  mmnltaneous  meteorological  seiieB  made  atGcBevaandcD 


sUtioD  wu  on  the  •ammlt  of  the  Paalhoni,  187S 
Berne.    The  obeerratkuis  Usted  Cortj-lbar  dejt ;  thdr 
poods  to  Aagnit  12, 1841. 


PBCIKAIB  or  TIXPXEATUKI  BKTWBDI  lULAV,  Ol 

TBS  WAXJimomm. 


BOUU. 

■TATIOMt. 

1 !»«.«« 

LOWSE. 

BIOBXS. 

orfffw 

0 

3 

1        6 

9 

12 

15 

18 

21 

1 

21  ",45 
22,28 
20.91 
17,85 
14.67 

•    •    • 

14,88 
18,85 

6»,30 
5.71 
4,09 
3.10 
2,95 
2,65 
2,53 
4,21 

I5*,15 
16,57 
16,82 
14,75 
11  ,72 

•   •   • 

12,35 
14,64 

155" 

13B 

139 

159 

900 

200? 

190 

160 

1                                           Mean    .... 

170- 

( f'ute  Appendix.^^.  20.) 

Durinfr  winter  the  results  appear  to  be  somewhat  different.  In  Jannar; 
1827,  M.  EacHMANX  renudned  for  eleren  days  on  the  Ritei,  while  UoB>a 
was  making  ubserratiuns  1370  metres  lower.  The  following  are  the  hutirtj 
means : — 

DICBEASB  OF  TEXPEBATrBB  BSTWrKX  BTBICB  AKX>  TBB  BIQI,  IW  WIXTSB. 


STATIONS. 

1                   1 

HOUBS. 

•nBCBLXASS  1 
DimBBMCX.  I  o»  I*  ■«&  1 

1 

BIGBEB. 

LOWK&. 

0 

-(fJiO 

-y>,  6 

-2-,  2 

627" 

1 

-0,G0 

-2,  5 

-1,9 

719 

2 

-0,40 

-*»4 

-2,  0 

685 

3 

-0,90 

-3,0 

-2,  1 

651 

4 

-1  ,50 

-4.  1 

-8.6 

527 

5 

-2,00 

-5,0 

-3,  0 

4.^7 

6 

-2.40 

-ft,  5 

-3,  I 

442 

7 

-2,50 

-5,75 

-3,25 

430 

8 

-2,75 

-5,9 

-3,15 

435 

9 

-2.70 

-6,25 

-3,55 

385 

10 

-2.75 

-6,35 

-3,  5 

389 

•    • 

19 

•     •    • 

-4,6 

•    •    • 

-6.9 

-2,3 

•   •    • 

596 

20 

-4,4 

-6,  5 

-a.  1 

651 

21 

-3,  6 

-5,  5 

-1.9 

719 

22 

-2,9 

-4.  4 

-1,5 

913 

23 

-2,0 

-2,75 

-0,75 

1828 

The  differences  of  temperature  are  more  feeble  during  the  night  than  b^ 
day,  which  is  precisely  the  rererse  of  what  happcnsin  sammer.  The  habf  tnally 
haiy  state  of  the  lower  strata  during  winter  may  account  far  thb  diflSemiee. 
Moreorer,  the  different  terms,  the  means  of  which  are  represented  by  the 
figures  in  the  column  marked  tfi^lrmcr,  are  very  Irregular ;  the  themfie  state 
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StBenurd  enable  US  toc&lcuUtetlielswa.  I  have  alio  com- 
pared places  whose  difference  of  level  does  not  rise  to  more 
than  100  or  150  metres.  The  temperature  of  a  place  depends 
on  its  latitude,  its  longitude,  and  an  its  elevation  above  the 
level  of  the  tea.  Although  we  do  not  well  know  the  mathe- 
matical relation  existing  between  temperature  and  these 
three  elements,  yet  vk  may  find  it  for  a  surface  of  small  ex- 
tent, and  have  regard,  in  the  developement  of  the  fbrmulo, 
to  the  three  co-ordinates  of  which  we  have  spoken.  I  have 
therefore  chosen  thirty  points,  situated  on  the  south  and  on 
the  north  of  the  Alps,  between  45°  and  50°  of  latitnde,  and 
between  the  meridians  of  Vienna  and  Paris,  and  I  have 
deduced  the  laws  of  the  distribution  of  heat  in  this  surfkce. 
I  have  thus  obtained  the  heisht  in  metres  to  which  we  must 
ascend  in  order  to  have  a  fall  of  1°  in  the  thennometer. 
The  following  table  containa  the  results  furnished  b^  com- 
paring Geneva  and  St.  Bernard,  and  those  to  which  the 
calculation  of  which  1  have  just  spoken  has  led  me  r — 

Pl'OP 


OBHEVA 

S.  QRUIAirT 

aiTD 

AKD 

ST.  BIKSABD. 

a.  rriiT. 

January . 

270,38 

257;27 

February 

222,58 

193^4 

Manh    . 

1S3,43 

159,63 

t&.: 

176,00 

160,60 

178,14 

137,87 

June      . 

176,19 

148,33 

July  .    .    . 

181,07 

148,71 

August  . 

1S6,65 

145,98 

September  . 

196,85 

161,96 

October.    . 

195,88 

177,75 

241,88 

195,49 

December  . 
Tear.    .    . 

217,90 

233,49 

302,12 

172,68 

*+.*sr5(5 


unrit^ 
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The  two  series  equally  prove  that  in  mmmer  the  ther^ 
momctcr  falls  much  faster,  in  proportion  aa  we  aaoend,  tbaa 
it  does  in  winter.  However,  the  f^res  present  veiy  notable 
difl'erenc<*s— I  think  I  can  phice  greater  relianoe  on  thoK  ia 
the  third  column ;  for  the  hill  on  which  the  hoqiice  of  St 
licmard  is  situated  is  exposed  to  south  windai  which  noj 
have  some  uitiucnce  over  the  thermometer.  These  lool 
disturbances  vanish  when  we  compare  long  aeries  made  ia 
ditierent  localities*  as  is  the  case  in  the  last  column.* 

It  follov^-s,  from  tliis  unequal  decrease,  that  the  diflenaiee 
lH?tween  the  winter  and  the  summer  meana  is  less  the 
higher  we  go  into  the  mountains.  In  the  plains  of  Switxr^ 
hmd,  at  the  height  of  about  400  metres,  it  ia  19^.  On 
St.  ( rothard,  *20in  metres,  it  is  14  ,9,  and  on  St.  Bernaid, 
2493  metres,  13 ',.'>.  De  Sanaavre,  who  was  the  fixit  to 
!nake  this  important  remark,  thought  that  the  differeneo 
l)etween  the  seasons  >vould  disappear  at  the  height  of  12000 
or  13000  metres.t 

Tlie  decrease  of  temperature  has  also  been  studied  in 
South  America  by  de  Hnmboldt  j  he  found  that  it  was  1°  for 
every  lUl  metres  in  the  mountains,  and  243,5  metres  on  the 
|)lains.  A  series  of  places  in  South  India  gave  177  metres; 
111  the  north  of  Indostan,  on  the  contrary,  2*26,6  metres:  a 
nunilKT  whicli  is  near  to  that  obi^erved  by  M.  de  Hvaaboldt 
in  .Vmerica.  for  the  ])lains.  Every  where  analogous  differ- 
ences of  level  are  attained ;  247  metres  in  West  Siberia,  a 
number  that  changes  to  243,J,  ifthe  comparison  includes  the 


So  tliat  wo  oufcht  t(i  |H>^«o»(  a  rcry  much  greater  number  of  obaerratkin*  in 
<inlfr  to  know  cxartly  tho  ilaily  hihomal  range  of  the  differawea  of  tem* 
pn-.ituri'  between  tWKt  Nations  verj  divtant  frum  each  other  In  r««pect  lo 
i-lov:itiiin. 

With  ri'-nnl  to  the  ninimer  range  it  may  be  considered  as  well  knovn. 
Bo-^iiit'^  M.  K.ALMTx*ii  ohwnrationH  on  the  Rigi,  and  the  FauJbom,  in  \f*3i  and 
l'«33.  aiiii  those  of  de  Saumuke  on  the  Col  du  Ceant.  we  bav«  al«o  the  fA>- 
s<rv:itic>ns  that  I  nm«le  with  M.  Bbavai*  un  the  Faulhom  in  I»4I :  and  the 
twiMjty  days  of  oltwrvations  by  MM.  RawAiii  and  Pkltibk  on  the  aame 
Miiiuiitain  in  l^A'2  :  and  tiiially.  forty  d«y*  of  ohwnratkm  on  the  Brocken  in 
Ix-jo.  by  MM.  a^uFKLD  and  II.knel.  All  agree  in  indicating  an  alnaoat 
{•amllol  march  (hr  the  deorcaw  at  the  different  hours  of  the  day.— M. 

*  M.  Scnorw  han  ^tudietl  the  decreaae  of  temperature  on  the  north 
declirity  of  tlic  Alp4.  On  coni|»aring  the  lung  wrie*  made  on  St.  Gothard 
(2  no  metres),  and  on  St.  Ilcmard  (2493  motren),  with  that  of  Turin  and 
Milan,  a  dccreve  of  I "  in  fbund  for  !«»*  metre*  {Ctimat  tl'Italie,  p.  »«0).— M. 

f  Dn  Mont  Venteux,  a  ruiEgod  and  Isolated  mountain  oi  Pnirence,  lat- 
ituilc,  4r  W  N.,  luncituile,  *."  .Vi',  bright.  I'.ill  metres  abure  the  Me- 
•littrranean.  I  fitumi  Ity  nineteen  ob^ervationm  matle  in  different  yean  and 
in  tlitTvrcnt  M.*ai«ons,  a  deLTcaw  of  l"*  fur  1*«S  metres  In  winter,  129  metres  in 
summer,  14h  at  a  mean.  Kamond's  olt»cr v si\on»  {HecMfrcket  twr  la  Jormmlt 
Hanrmrtrrqttt,  p.  IhH).  comprised  between  the  4.3d  and  4Sth  degrees  of  laM- 
tude,  giTe  us  a  mean  oTi"  for  every  148  metres.  (Vide  Aumain  dts 
Siiturtile*,  2d  series,  t.  x.  p.  12«J.  1»3b).— M. 
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dented  placet  of  North  India.    In  the  United  States  we 
And  232,2  metres.* 

I  do  not  think  that  these  differences  arise  from  the  mean 
tampenture  that  I  have  used,  not  referring  to  the  same 
year ;  the  configuration  of  the  countries  appears  to  he  the 
most  important  element.  If  the  land  is  slightly  elevated,  or 
the  country  is  composed  of  successive  steps,  the  decrease 
of  temperature  is  much  more  slow  than  on  the  side  of 
abmpt  mountains.  In  the  former  case,  a  difference  of  2S5 
metres  may  be  taken  for  1°,  and  in  the  latter  a  difference  of 
only  195.  This  difference  proves  to  us  how  difficult  it  is  to 
reduce  to  the  sea  level  the  mean  of  places  situated  at  a 
certain  elevation  above.  When  the  height  is  considerable, 
great  eirors  may  be  committed ;  but,  if  we  possess  many 
observations  in  a  country,  these  may  be  avoideid,  by  deduc- 
ing the  decrease  from  the  longitude,  latitude,  and  height.f 

*  While  tt  the  equator  the  Uw  of  decrease  ii  rery  nearly  the  same  in  all 
•eMODi;  the  polar  regions,  on  the  contrary,  oflTer  the  greatest  dltTeronces 
between  fiiininer  and  winter.  From  a  series  of  four  days  of  observations. 
mad*  every  half  hour,  the  members  of  the  Commission  of  the  North  found 
at  Spitibcrgen  (latitude  77**  30"  N.),  and  in  the  month  of  August,  inan,  a 
mean  deereaae  of  !**  for  every  172  metres.  Tliis  result,  calculated  by 
M.  BaATAis,  coincides  with  the  decreases  observed  in  the  temperate  zones. 
The  dURsrenoe  In  the  height  of  the  stations  was  560  metres. 

In  winter  the  temperature  goes  on  increasing  with  the  height,  up  to  a 
limit,  which  is  variable  according  to  tlie  different  atmospheric  oir- 
nees,  the  influence  of  which  is  not  yet  very  exactly  known.  The 
hoorof  the  day  appears  to  be  indifferent,  since  there  exists  no  thennomotric 
variatitm  in  the  strata  of  the  surface.  The  mean  of  thirty-six 
made  with  kites  or  with  oi^itive  balloons,  at  Bosekop,  luti- 
68"  5S'  N.  has  given  a  mean  rate  of  increase  of  1^6  for  the  first  KM) 
Beyond  tUs  limit,  and  even  beyond  the  first  GO  or  80  metr^K  the 
tenqMratore  again  lieoomes  decreasing,  at  first  veiy  slowly,  but  afterwards 
the  decrease  is  accelerated.  The  observations  that  have  been  made  on  the 
flaokt  or  on  the  summits  of  mountains,  during  the  same  expedition,  entirely 
eonfinn  these  results.  The  cooling  influence  of  a  atMt  that  radiates  its  own 
beat  fbr  several  weeks,  without  receiving  any  thing  on  the  part  of  the  sun, 
In  eompensation  of  its  losses,  the  influence  of  counter-currents  fh>m  above, 
eomhig  from  the  west  and  the  south-west  with  a  high  temperature,  account 
for  thla  anomaly,  which,  in  winter,  represents  the  normal  state  of  the  most 
northern  parts  of  the  European  continent. 

M.  PocBviT  has  collected  a  great  number  of  examples  of  the  intcr- 
dbange  of  teroperatores,  observed  by  himself  and  others  in  France  and 
In  Switierland,  during  severe  winters.  Thus,  during  the  winter  of  IH3R-9, 
M.  Baayaia,  sen.  observed  that  the  $naxima  of  cold  were  distributed  in  the 
fbOowing  manner,  in  the  neighbourhood  of  Annonay,  where  he  lived : — 

PLACM.  BZIOHT  ABOyS  TBB  SBA.  XAXUiim  OT  COLD. 

Andancette I95«  -SO* 

Annonay 900  -'17 

Baint-Agrdve 1360  -12 

TMe,  on  the  interverslon  of  atmospheric  temperature  in  rigorous  winters, 
ifMiftif  de  Ckhmie  ft  de  Pkytiq^^  t.  Ixxii.  p.  S19.  1839.— M. 

t  Among  the  observations  made  to  determine  the  decrease,  those  col- 
laetad  In  aerostatic  voyages  present  a  very  particular  interest ;  the  tem- 
pantmrta  an  there  Iwb  afBscted  by  local  circumstances,  such  as  the  heating 
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The  results  that  I  have  cited  are  dedaced  from  long 
rics  of  ol)8ervation8.    Isolated  experiments  have  been  m 
by  travellers  and  aeronauts ;  but  they  are  worthy  of  littk 
reliance,  although  they  agree  generally  with  the  preoeding 

results.* 


uf  tho  noil,  ascendinR  or  descending  cnirenU.  ftc. ;  and  tht 
by  !iuch  temperatures  are  more  susceptible  of  bdnfOootruledwiA  the 
of  thu  decreasing  temperatures  of  the  higher  re0«u  of  the 
M.  Beavais  collected  his  results  into  the  fbUowing  tabla  :— 


DXCaFASCS  or  TBaCPKaATClK  OBSKaVKD  IH  ACBORATIC  TOTAfim. 


UMm 

OB8KB^*XBS. 

of  the 

DBTklAJg 

orl'roA 

Stratum  of  Air. 

1 

m.     m. 

m. 

1 

0-3800 

IIW^ 

Gay-Lossac  .    .    .    .h 

1        3SQ&-570O 

laM 

i 

I        ftTOO-OTOO 

1614 

Zenne  and  Jnnglna 

0-3900 

108,0 

Graham  and  Beanftqr 

O-VHW 

lSft,0 

Sacharoff       .... 

.i            0-«i00 

SS4^ 

1 

[•             0-«800 

ia»,o 

Claj-ton  (two  TojaRes). 

1  ■      2A00-4!«00 

291,0        1 

i 

:        4«IOO-^MM 

1M.0        1 

Thcue  observations  are  still  not  snfflcientlj  numeroos  to  enable  ■•  lo 
deduce  from  them  any  general  consequences,  on  account  of  the  emiiMntl; 
Tarial>lc  nature  of  the  docreascfl.  It  seems,  hoverer,  thai  the  decrsaia.  M 
flnt  very  rapid  near  the  mirfiu«,  goes  on  diminishing  to  a  certiiD  heli^ 
perliaps  about  3000  or  4000  metres,  and  thence  accelerates  more  and  more ;  m 
that,  if  we  take  the  Tertical  derations  as  abscissg.  and  the  Umptntmn, 
increased  by  100'  (in  order  to  render  them  all  positive),  aa  ordliMt«k  tht 
curre  of  the  temperatures  will  first  turn  its  conTezity  toward  the  axis  of  iht 
ahscissie ;  it  will  then  undergo  an  inflexion,  and  wUl  finish  by  tumfaif  to 
concavity  toward  the  same  axis. 


B 

o 
o 


Axis  of  the 


This  Is  the  most  probable  form  of  the  curve,  indicating  the  length  of 
the  l)arumotric  column,  at  different  heights  in  the  atmo^diere.  The  recent 
ronearches  of  M.  Bii>t.  on  the  same  qucntion,  prove  also  that  at  great  eleva- 
tiuii!«  in  the  atmosphere  this  curve  finishes  by  being  concave  toward  tha  axis 
of  the  abscisMB ;  and  even  if  the  law,  of  which  he  has  recognised  the  eKku 
eni*e,  be  prolonged  to  the  limits  of  the  atmosphere,  the  '**rtanti>  w«  mail 
aiicond,  in  order  to  obtain  a  decrease  of  1*.  would  oooUnnallj  diminiih  In 
pro|iortion  to  the  corresponding  density  of  the  idr.— M. 

*  M.  MABni.ia  compared  the  climate  of  the  BixMshan  (1 140  dmUw) 
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The  decrease  of  temperature  with  the  height,  appears 
C|ipo6C(l  to  certain  observations  that  every  body  has  had  the 
«|iportumty  of  making.  Indeed,  when  we  climb  a  mountain 
mt  •  calm  and  serene  sommer^s  day,  we  experience  over- 
mraxiiM^  heal.  If  we  suspend  two  thermometers,  one  in 
flie  9tm&  and  the  other  in  the  sun,  their  difference  will  he 
gUBJCi  than  on  the  plain ;  the  actinometer  and  the  heliother- 
■iffiPf*^''  (^.  149)  stiew  this  difference  still  more  evidently. 
Am  ihe  la^  of  the  sun  act  with  greater  energy  on  account 
cf  tlie  thinner  stratum  of  air  that  they  have  to  traverse,  it 
voald  seem  that  the  temperature  ought  to  be  higher.  Ex- 
perience ahewB  the  contnuy,  and  reason  asrees  with  it. 

If  the  air  were  not  an  elastic  fluid,  if  uiroughout  its  en- 
lire  bcight  ita  denrity  were  the  same  as  at  the  level  of  the 
en,  the  Hmite  of  the  atmosphere  would  he  very  contracted  f 
and  bejond  would  be  founa  an  absolute  vacuum  of  a  very 
lofw  Umpwature.  The  cold  would  be  communicated  to  the 
l^g^icr  ilntDm,  and  would  gradually  be  propagated  toward 
the  ffioaiid :  but  the  diminution  of  temperature  with  height 
iroiua  be  oa  very  little  note ;  for  liquids,  and  gases  especi- 
^OWfjn  bed  conductors  of  heat. 

The  diflfeiences  between  luminous  and  dark  heat  (p.  148) 
hi  their  pawige  through  bodies,  axe  still  more  important. 
Whoa  iStut  wokr  lays  penetrate  into  the  atmosphere  thej  lose 
wttmdk  moment  a  certain  quantity  of  heal,  which  they  give  up 
-  to  the  molecules  of  air  through  which  they  pass.  However, 
the  jpteater  portion  of  them  reach  the  around,  and  beat  it. 
If  the  ground  did  not  radiate,  and  if  the  density  of  the  air 
vcve  nnilbrm  throuffhout  its  height,  the  temperature  of  the 
vpper  itrala  would  be  higher  than  that  of  the  lower  strata, 
beonae  the  solar  nm  that  they  receive  are  less  weakened. 
S^  the  radiation  of  heat  subverts  the  phenomenon ;  for  the 
calorific  nys  emitted  by  the  earth  not  beinsr  luminous,  are 
abeoibed  by  Uie  lower  strata  of  the  atmosphere,  which  be- 

Bea  more  lughly  heated. 

The  drasi^  of  the  air  is  not  uniibrm,  as  we  have  as- 

Ded  it ;  it  diminishes  from  below  upward.  Not  only  do 
the  lower  strata,  for  equal  volumes,  absorb  more  than  the 

;  of  BotUii  (40  OMtret)  during  th«  period  eompriied  bdirMii  September, 

',  tfidDeoenibM',  ISaS.    The  general  reeoU  la  that  the  marima  diumjtl 

ne*  ubmIj,  thoee  of  3  o^dock,  dUftr  mneh  leae  tn  winter  than  In 

The  enrree  of  the  meane  of  6  aji.  are  almoet  parallel.    In  ati 

itbttemMntnreii  higher  on  the  Brooken  on  a  serene  than  on  a 

dnyt  ana  in  the  month  of  Janoary  the  eerenedara  were  warmer  than 

IBttL    Tlie  BUDber  of  cknAj  daji  wae  IS8  in  B«lin  In  ISSS,  and  onlj 

ft  oa  tbt  BiodMD.   (Fcr  ftorthtr  detillf,  vMr  Scnuiucns*!  Jakrbuch  FUr, 
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upper,  but  it  is  they  vrhich  first  receive  the  ndiatiolu  emit- 
t^  l>y  t!ie  ground  Each  constituent  molecule  of  the  stmo- 
sphcro  radiates  in  all  directions,  like  the  earth  itself.  The 
r:iys  directed  downward,  arc  received  by  the  lower  stntt, 
and  by  the  earth,  whilst  those  directed  upward  are  partly 
lost  in  celestial  space. 

All  these  circumstances  explain  to  us  the  inflnenee  of 
the  seasons,  of  day,  and  of  atmospheric  variations,  on  the 
phenomena  that  we  are  anal}'8ing.  ^Vhen  the  weather  ii 
serene,  anil  the  sun  high,  the  ground  is  much  more  heated 
than  durinsT  cloudy  weather,  or  when  the  sun  is  at  a  ver? 
small  liei^iit  above  the  horizon ;  so  that  radiation  is  mncA 
more  active,  lint  as  this  radiation  heats  the  lower  stnta 
chiefly,  we  may  imagine  that  in  summer  the  tempenluR 
decreases  with  extreme  rapidity.  If  we  ascend  to  a  tabie* 
land,  instead  of  climb  a  mountain,  the  great  surface  of  the 
former  heating  the  air  in  contact  with  it,  the  decrease  of 
temjK^rature  is  not  so  rapid. 

We  also  commonly  regard  the  change  of  volume  in  the 
same  mass  of  air  as  one  of  the  most  influential  causes  of  the 
decrease  of  temperature.  For  if  a  piston  is  moved  with 
friction  in  a  glass  or  metal  cylinder,  and  is  suddenly  thrust 
down,  amadou  placed  in  the  cylinder  is  immediately  kindled. 
An  apparatus  of  this  kind  is  called  a  pneumatic  ttnder-boz. 
Keciprocally.  if  the  air  is  rarefied  beneath  the  receiver  of  an 
air-pump,  there  is  a  reduction  of  temperature.  It  follows 
Irom  these  facts,  that  the  calorific  capacity  of  the  air  in- 
creases in  proportion  as  it  is  rarefied :  a  mater  quantity  of 
heat  is  therefore  necessary  in  order  to  elevate  its  tempen- 
ture  the  same  number  of  degrees :  and  it  borrows  this  hett 
from  all  neighbouring  bodies,  and  from  the  thermometer, 
which  falls  rapidly. 

A\'hen,  therefore,  the  luminous  and  calorific  ravs  of  the 
sun  traverse  the  rarefied  strata  of  the  atmosphere,  the  ther- 
mometer does  not  rise  so  nuich  as  it  docs  in  the  neighbour- 
hoo<l  of  the  ground,  even  when  a  cubic  metre  of  this  rare- 
fied air  has  not  absorbed  more  heat  than  a  cubic  metre  of 
denser  air :  like  as  a  kilogramme  of  water  is  only  elevated  in 
temperature  4°  under  the  influence  of  a  source  of  beat  that 
would  raise  the  temperature  of  a  kilogramme  of  iron  36' 
(p.  11). 

By  combining  all  these  elements,  we  can  perfectly  un- 
derstand the  decrease  of  temperature  with  the  neight.  The 
influence  of  ascending  and  descending  currents  does  not  ap- 
pear to  me  so  great.  Indeed,  in  proportion  as  the  heated 
air  ascends,  the  pressure  to  which  it  is  subjected  dimioiiiics: 
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it  expandSf  and  consequently  becomes  cool:  other  ac'rial 
BMflses  descend,  contract,  and  are  heated.  However,  these 
displacements  can  contribate  to  the  production  of  the  phe- 
Bomenon  only  in  an  adventitious  manner. 

VBOETATION  OF  MOUNTAINS.— The  fall  of  tem- 
perature, according  to  the  height,  has  the  greatest  influence 
over  the  life  of  organised  beings  in  mountains ;  and  although 
tiwse  details  enter  into  physical  geography,  I  think  they 
cumot  be  read  without  interest. 

In  the  plains  of  Switsserland,  at  the  foot  of  the  Alps,  we 
admire  the  very  beautiful  vegetation,  the  orchards,  the 
eomofielda  and  the  meadows  destined  to  support,  during  the 
winter,  the  cattle  that  feed  on  the  mountains  during  the 
tUBimer.  The  plants  of  the  high  Alps  are  found  tnere, 
flprinsiiig  from  seeds  brought  thither  by  the  torrents,  and 
which  are  entirely  wanting  in  France  and  Germany.  Ex- 
amples :  Pyrethrum  cdpinnni,  Lepidium  idpintwtj  Linaria  o/- 
jrina.  At  the  foot  of  the  mountains  are  beautiful  forests 
cd  beech,  fir,  and  sometimes  pine. 

If  we  ascend  five  or  six  hundred  metres  we  find  the 
bear's  ear  (Primtda  aun'ada),  which  covers  the  rocks  with 
its  blight  yellow  flowers;  the  stalkless  gentian  (Geiitiana 
mctadis)^  the  larse  petals  of  wliich,  of  an  ultra-marine  blue, 
indine  toward  the  earth ;  the  woirs  huic  (Aconitum  napel- 
kuy,  the  ranunculus  with  monk's>hood  leaves  (Ranunculus 
atoidUfoUu8\  the  TrolUus  europmut^  &c.  &c.  At  the  height 
of  1000  metres,  the  soldanelle  {SoldaneUa  alpind)^  grows  in 
the  hollows  watered  by  melting  snow,  which  it  frames  in  a 
violet  border.  The  drocus  remus  is  found  in  the  same  lo- 
calities, and  passes  away  as  quickly  as  the  soldanelle.  The  de- 
divities  are  covered  with  rhododendrons  {Rhododendron  fer» 
n^^meum  and  R.  hirsutum),  shrubs  covered  with  red  flowers 

lacing  the  most  beautiful  effect,  and  often  ornamenting 


At  the  height  of  2000  metres  the  greater  part  of  the 
Y^tation  of  the  plain  has  disappeared,  and  cannot  be  pro- 
pagated. In  North  Switzerland,  the  vine  does  not  rise 
higher  than  about  550  metres;  on  the  south  declivity  of 
the  Alps,  and  in  Valois,  it  attains  650  metres ;  and  in  some 
fkrourable  localities,  such  a^Val-Sesia,  at  the  foot  of  Monte 
Bosa,  it  is  found  even  at  the  height  of  1000  metres.*  It  is 
the  same  with  the  cereals ;  the  more  we  ascend,  the  later  is 
the  harvest  In  July,  1832,  the  harvest  was  over  on  the 
of  Switzerland ;  but  it  was  yet  in  hand  in  the  Haut- 


•  Antei  (Val  Tornanche).  1042;  south  side  of  St.  Bernard,  1040;  Val 
4'Aotte,  below  Courmajcur,  1034.— M. 


implmd  to  flHke  daaavll 
1  uidc  «ndi,  vUdi,  M  ftdi 


Valoii,  in  the  neighboorbood  <if  Mnmter  tuk 
Id  elented  viUegca  \bej  ue  eficB  MigA  t» 
BheftTC*  to  poles,  iu  order  to  ripcB  Ac  gtiJB  aililAi^-  A' 

portieulaT  menng  is  also  emf  * — ''  ' •"-  '" 

feti:  tbcT  corer  it  wiUi 
the  hcftt,  AHtem  its  melting. 

jneuu  employed  in  the  raUej  tf  ChnndOBi.  In  tti 
of  Switierland  the  cemli  m^  ifae  m  U^  h  lIMa 
but  they  do  not  cslcnlite  on  k  fiirD  Inrreit  bnwA 
SOO  metres.  Moiie  lipoM  even  at  87<K*  uk  1m 
have  in  thia  case  &  great  influence;  Om,  ia  ths  nfl^rf 
Lugneta  (cnntaa  of  the  GrisonB),  ccKsIi  an  ftmrf 
Vin,  at  1510  metres.  On  the  north  aide  of  Moala 
barley  ceases  at  the  height  of  1300  metna;  on  tkt 


ofthcn 

rtupMltaiidA — __ .  .... 

T*Ud  SeU^  b  ■  IbHtkn  of  poUtlisI  Hd  ^ 

iU<i(lk*ohugiiifd&uM.llkallMta 

'  >MO.    tba  W— *—  ■ •- 


^romlto 


HvXl''- 


TlwloBiHuar«uciH»li*ulalD«l«itk«ogatniTtatlMHMI«rt- 
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nde,  it  aicenda  in  cert&inpointg,  to  IdSO.  It  ii  the  Mine  with 
fruit-tiees.  In  North  Ssritzerluid,  none  exist  above  SSO 
metre* ;  only  in  certain.fkvburable  toulitieft,  near  Disentia, 
for  example,  are  they  fonnd  at  1070.  Cbenytrees  ascend 
hiffber;  the  latter,  which  are  found  ai  ttandards  on  the 
Bwa,  are  at  UtUer-DatehU  (953°>).  It  is  with  much  diffi- 
colty  that  the  Capnchins  of  the  convent  of  Uarie-i-la-Neige 
(Maria  mm  Sc/mee)  can  occasionally  ripen  them  in  emalien 
St  ISlOxabove  the  levelof  the  sea.  Wahiut-tTeea  (Ti^Jtiw 
ngia),  which  in  the  plains  are  magnificent  trees,  disappear 
■t  aboDt  800"  ;*  the  chestnut  (Ca^mea  veica)  does  not  exist 
Iteyond  780-.t  877  metree  may  therefore  be  r^urded  u 
the  mean  limit  of  cultivation. 

It  is  nseless  to  insist  on  the  local  drcumstancea  by  which 
this  limit  may  be  modified ;  and  on  its  fall,  in  proportion  U 
we  approach  the  north.  In  Lapland  it  is  100  metres  above 
the  level  of  the  sea.  In  South  America,  maize  rises  to  2270 
metres,  but  it  is  only  abundant  between  1000  and  2000 ; 
from  2000  to  3000,  the  cereals  of  Europe  are  found ;  wheat, 
in  the  lower  zones,  rye  and  barley  in  the  higher  r^oiu ; 
from  3000  to  4000,  nothing  but  the  potatoe  is  cultivated. 

In  Switzerland,  man  has  carried  the  hoe  as  high  as  pos- 
sible,  and  he  has  profited  by  every  portion  of  ciDtivatable 
earth.  However,  at  a  certain  elevation,  the  woods  become 
predominant,  and  finish  by  occupyine  all  the  surface  of  the 
•oil ;  but  e^'en  the  physiognomy  of  the  trees  changes  with 
the  height.     The  pointed  fir  (^Abia  ezceUa)  is  transformed 
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into  a  pynmid;  its  loiivr  hnmefcui^rf  iriMi  Ike. 
foraied,  rest  on  the  ground:  thoilraafene  4if  llie 
yaries;  the  annnal  liters aio  tUBBBr«  aai the 
On  e  blanch  of  pine  twenty-scfen  ■IlliMff  itw  j 
I  eonnted  siity  annual  lavcis.*    Tbe  '    ~~ 

altogether.  In  the  nortli  of  Owilwilinil,  the 
not  rise  above  1800  metres;  the  fir fltapi  at laOtL  tete 
south  side  of  Monte  Bosa»  tiecs  assend  as  h||^  as  flBti 
these  are  the  krdi  (Xortr  mrapmm)^  the  esMlve  Mm 
emmbra),  the  alder  iAhm$  viriiu),  and  the  Unh  OAii 
a2&e).    Injthe  north,  green  trees  do  not  pass  hsysai 


metres.  The  latter  uio  Taiy  mnA^  on  the  asflh  alirf 
the  Alps  the  firs  attain  the  highest  elevataDii;t  oathewrih 
side  it  is  the  larch;  on  Ararat^  the  bireh  ecaasa  at  Mm 
metres;  in  the  CanessoB,  at  3M0.  Qnthe  aontfawlBefttB 
Pyrenees,  the  firs  (AMt  ptetimaia)  eease  at  2070;  iatb 
north,  the  pines  (Pimu  sfAedru)  eease  at  MftO.    Jm  L^ 


*  In  oar  retMvcliM  on  the  Ittmh  ofwood-SrlA  thm 
Inserted  in  Vol.  15  of  tlie  Uhnim  de  tAcmMmie  4m 
and  myielf  liMre  shewn  that  the  mnen  thirlmfi  eCtta 
layers  of  the  wood  pine  increesee  m  we  fo  firaei  north  to 
Ing  table  dearly  shews  the  powerftil  Inltaenoe  of  cUraate 
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rLAoas. 

M.  LATITUDB. 

B.  lAVomnM. 

■SAM  noannM. 

Kaaflord  . 

Pello    .    . 
Geflle  .    . 
Halle  .    . 

69»5r 
66  48 
60  40 
51  30 

»«4or 

21  40 

14  50 

9  40 

■MB. 

0^ 

1.11 

1.S4 

t  On  the  Orimsel,  in  Switserland,  is  an  exception  to  this  ml* ;  aai  the 
snccesaion  of  large  vegetation  on  its  north  side,  rnsals  to  mind  the  MMeeirion 
of  the  same  vegetation  along  the  coasts  of  ScandinaTla.  The  IbUowtagk 
the  table:— 

LIMITS  OF  Tam  OK  THE  KOftTH  SCDX  OF  THX  Ol 


Taxes. 

ALtrrvmrnjo,  umn. 

Hard  oak  (<2«<rmu  rokir) 

Beech  (Fagu»  sRvatica) 

Cherry  {Crrasui  vuigarit) 1 

HueX  (Coryius  areUana)       J 

Fir  {Abies  ereclsa) 

Senrioe  (Sorftia  aMC^parto) 

Mugho  pine  {Pinus  ti'lvrs/ris,  V.  montama) 

¥rhite  birch  (2farftt/a  olfra) 

Cembro  pine  (Pimm$  eembra) 

n. 

MS 
985 

1060 

1545 
16S0 
1810 
1975 
9100 

(For  flnther  details,  ride  Jmnatet  4es  Sctnues  SaimreUet,  Oct.  184a.>--lC. 
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land,  the  dwarf  birch  {Betitla  nana)  b  the  lut  tree';  it  ceuea 
to  grow  at  585  metres. 

Above  the  region  of  forests,  we  find  in  the  Alps  the 
T^on  of  Btanted  pines  (  Krurrmi/ioiz,  Pumt  timgho),  of  rhodo- 
dcndroiiB,of  berbticcoiuwUlowB(5a^A«r6aeea,^.  rttietJala, 
S.  terpiUifoUa,  &o.)  of  aldera  (Altau  oMdu),  and  jonipen 
(Junipenn  contnuadt).  In  the  Carpathiuia  it  ia  the  mugbo 
pine,  and  on  Ararat  a  juniper  {Jtaupent  oacyeedr%t)  and  the 
CobMeaster  amjtora,  that  are  the  last  to  diMppear. 

This  region  of  forests  and  that  which  iinmediately  fol- 
lows, constitute  the  productive  part  of  the  high  AJpa.    Da- 

i(  summer  it  nourisbca  numeroni  floeka,  whicn  aaoend 
w  disappears.  Jt  is  the  same  in  the  Scandinavian 
Alps,  where  the  nomsde  I^pUnder  wanders  with  hi*  im- 
mense herds  of  reindeer. 

The  mugho  pine  disappears  in  the  Alpi  at  the  b^ht  of 
S270  metres;  pasturage  extends  to  2600  metres,  and  even 
higher ;  dwarf^  willows  and  herhaoeons  plants  cov^  the 
■oil.  We  observe  there  the  androeaoe  {Aiuirotaet  ajpiaa, 
A.  helrvtica,  A.  penmna,  &c.),  the  SSeae  aeauUt,  saEiftage, 
{Saxi/raga  mtucinilei,  S.  bri/didet,  S.  mtoidet,  S.  tteUaru, 
&c.),  gentians,  (Oentiana  vema,  O.  baoarica,  0.  glacialit, 
O.  nkalia) ;  besides  these  social  plants,  the  Ceroitium  taSi- 
JbiiuiK,  lady's  mantle  (Alchemilla  alpina,  A.  pentaphylia),  and 
the  ranunculus  {Bajrutieuiuigkiciaiu,  fi-pyreneiu)  live  more 
isolated. 

The  higher  wc  ascend,  tbe  more  docs  the  number  of  the 
pliaiierogams  dimiaisb  in  proportion  to  tbe  cryptogams. 
On  hlonl-Dlanc,  tlic  last  cryptogam  found  by  da  SaiuBnr* 
was  the  Silent  acuvlu,  at  3469  metres;*  M.  de  IValdan 
ntlicrcd  OQ  Monte  Rosa  stunted  PyreOtnan  al^mum  and 
J'hi/leuma  pauciflonim,  in  the  middle  of  the  glacier  of  Lys^ 
at  the  place  called  Le  Net,  at  3683:metres.  Higher  up, 
nothing  is  found  but  lichens,'t'  which  cover  tbe  bu'e  rock. 
X  shall  not  give  tbe  complete  enumeration  of  tbe  particular 
plants  of  these  vegetable  rc^ons ;  I  content  myself  with 
naming  the  niOHt  characteristic,  and  the  most  apparent.  I 
may  simply  add  a  few  remarks  on  tbdt'  habilaU. 

Few  plants  ascend  from  the  plain  to  the  summit  of  the 
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highest  mountains.  Those  which  are  in  tfak  mmlHiBB  lie 
singularly  modified  as  they  ascend.  Some  planli  icriit 
these  ixmuences :  thus  RayasoBA  has  ohaerved  that  tha 
spring  gentian  (GetUiaaa  rema),  has  the  aame  AoUW  ii  all 
heights  in  the  Pyrenees.  But  these  are  only  emntions;  a 
plant  is  generally  stunted  in  proportion  as  it  aacmna  Thai 
the  pale  primrose  (Prinuiia  farimmi)  sometimeB  flttaiaB  a 
leneth  often  or  fifteen  centimetres  in  the  |^ains  of  Bwitaer- 
lano,  and  its  leaves  are  straight  On  the  JE^gi.  tiie  plaaft  ii 
not  higher  than  eight  or  ten  oentimetrea;  the  levrei  in 
spread  out,  and  the  flowers  have  a  decner  ocdoor.  On  tha 
IPaulhom  (2683  metres^  the  entire  plant  acareely  attitas 
two  centimetres  in  height ;  the  rosette  is  extmdwi  on  the 
ground,  and  the  umhel  appears  sessile. 

Anatomical  changes  correspond  to  these  exterior  nodH- 
cations.  The  leaves  that  are  spread  out  <m  the  mud 
become  smaller,  and  less  fleshy ;  they  are  covered  wi&  hnr, 
and  their  roots  are  very  strong.  The  flower  alone  pieauiu 
the  same  dimensions,  but  it  appears  larger,  becanse  the 
plant  is  smaller,  and  the  colour  of  the  corella  deeper.  All 
travellers  are  struck  with  the  intense  blue  assumed  by  the 
flowers  of  the  stunted  Myowtu  sSvestru^  which  is  finequend^ 
described  under  the  name  of  MyosotU  ntauu 

Another  difference  resides  in  the  duration  of  the  plants; 
as  we  ascend  the  number  of  annuals  and  biennials  HimmiA#ii^ 
whilst  that  of  perennials  goes  on  increasing  proportionately. 
In  the  high  r^ons,  annual  plants  are  almost  entirely  want- 
ing ;  and  in  the  mean  regions  they  are  only  found  in  the 
neighbourhood  of  cottages,  whither  they  have  been  brought 
by  man.  Indeed,  the  seeds  of  these  plants  do  not  evay 
year  arrive  at  maturity  in  so  ri^rous  a  climate ;  and  tlie 
species  entirely  disappears.  It  is  not  so  with  perennial 
vegetables,  wmch  can  remain  without  ripening  their  fruits, 
or  even  bearing  flowers ;  their  stem  either  resists  the  colds 
of  winter,  or  else,  if  it  perishes,  new  suckers  arise  from  the 
root.  Add  to  this,  that  the  bent  branches  of  alpine  vegeta- 
tion, and  willows  in  particular,  send  forth  roots,  and  may 
then  be  separated  from  the  parent  plant.  Hence  arise  those 
thick  and  tufled  surfaces,  where  the  closely  interlaced  stalks 
scarcely  permit  us  to  isolate  anv  perfect  specimens.  The 
Siiene  acauUs  is  a  striking  example  of  this,  and  it  is  unfortu- 
nate; for,  according  to  Raymond's  observation,  no  idea 
can  be  obtained  of  tne  beauty  of  this  plant,  unless  we  have 
seen  it  on  the  snowy  summits,  which  it  embellishes  with  its 
thick  tufts  covered  with  flowers  (ride  Note  C). 

Z.IMIT  OF  ETERNAii  8NOW8.— Even  in  the  midst 
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•f  sumiiier,  when  abimdaat  rains  fall  on  the  plains,  the 
aMrantains  continue  whitened  by  snow  or  sleet  Thus,  I 
hsve  often  seen  on  the  Rigi  showers  of  sleet :  but  at  300  or 
400  metres  lower  there  was  none ;  and,  in  the  plain,  there 
m  rain.  I  have  also  experienced  heavy  showers  of  rain  in 
flie  plain,  but,  as  soon  as  the  clouds  were  gone,  the  moun- 
were  seen  to  be  covered  with  newly  fallen  snow.  M. 
auui^«ntl«r,  who  lived  at  Bex,  in  the  centre  of  the 
Alps,  assures  us  that  this  phenomenon  is  constant 
all  rain-storms. 

Ttt&ie  massen  of  snow  that  fall  in  summer,  melt  very 
qoiddy  ^nder  the  influence  of  the  sun  and  rain ;  but  on 
fciy  elevsted  summits  they  never  disappear,  for  there  is 
iitiiated  the  r^on  of  eternal  snow.  The  umit,  above  which 
the  mow  never  melts,  is  pretty  well  determined  on  each 
Bumntain,  and  is  called  the  Umit  of  eternal  snow.  But  bdbre 
pointing  out  its  height  in  the  dinercnt  chains  of  mountains 
that  cover  the  globe,  I  must  i)oint  out  the  distinction  be- 
tween snows  and  glaciers. 

IfJ  from  an  elevated  point,  such  as  the  Rigi  or  Weissen- 
stein,  we  contemplate  the  Alps,  it  is  easy  to  distinguish 
bdow  the  region  of  cultivation,  higher  up  that  of  forests, 
idll  higher  t£sit  of  meadows,  and  finally  the  region  of  eternal 
moiWB.  Its  lower  limit  is  a  straight  line,  sensibly  horizontal ; 
and  it  is  only  in  certain  spots  toat  white  trains  are  seen  to 
deeeend  to  the  plains ;  these  lines,  which  occupy  the  bottom 
of  Talleys,  are  the  glaciers. 

In  looking  at  a  glacier  more  closely,  we  find  that  it  is 
oompoaed  of  ice  and  not  of  snow,  and  that  it  is  frequently 
Borrounded  with  cultivated  fields.  The  ice  is  not  composed 
of  continuous  transparent  masses  like  that  of  ponds  and 
livers,  but  of  separated  fra^ents.  A  block  breaks  into 
a  nraltitude  of  transparent  pieces,  separated  from  each  other 
hy  cafSOBT^  intervals.  Tnis  ice,  bsing  thus  composed  of 
fragments,  is  not  slippery,  so  that  we  can  walk  firmly  on  it. 
Lower  down,  these  fragments  have  very  nearly  the  size  of  a 
nut;  but  in  proportion  as  they  are  higher  up,  they  become 
Itts,  and  at  the  height  of  2700  metres  they  are  not  larger 
than  a  pea.  The  simace  of  the  glacier  is  composed  of  sepa- 
imte  roundish  grains,  in  which  we  tread  as  m  sand ;  tncy 
are  called  ni§v6  (Fim),  In  the  higher  regions  snow  is 
found. 

The  nev6  is  a  transformation  of  snow,  which  I  was  able 
clearly  to  follow  out  in  1833.  At  the  end  of  August  and  the 
beginning  of  September,  enormous  masses  of  snow  fell  on  the 
Paolhom.    In  certain  places,  near  the  inn,  it  was  two  metres 
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dee]f :  the  snow  wm  oompoMd  of 

diatmg  needkiL    A  leriet  of  fine  digfv 

ther.  Although  the  thermometerintlMeliid*^ 

degrees  above  the  fireeangpoiiiti  the  iimBatoitlMi 

of  the  now,  wfaiohf  at  the  end  of  the  flnl  dav;  w 

with  water  to  the  dendi  of  two  eeBthnetna.  The] 

it  was  eovered  with  a  hriffiant  nd  hwgabr  hei.  if  mL 

Scarcely  had  the  laya  of  the  aon  fidkn  es  k  * 

momaits,  whoD  thii  oed,  inalead  of  beiw  eoM  ~ 

found  campeed  of  little  grains  of  ice  of  ttie  aii 

seeds.    This  pheBomenoii  is  nnewed  nar  swei 

tibe  hed  of  ioe  Deeomes  so  Strang  that  it  is  afala  to 

thefbotofman;  thebedofgramiofiiiff^isalm^ 

a  decimetie  in  tiuckneH.    At  the  iiiriboe»  tlinr  ■ttv^tii* 

siae  of  small  peas;  and  below,  Ihey  wave  auuHr.    Ikwm 

impossible  for  me  to  follow  these  tnoadbnutiana  te  ^ 

length  of  time,  because  new  maaNS  of  anoir  mwm  aliBftlB 

Ihe  first,  and  again  prodneed  the  phannrnpna  tkift  Ihii 

previouslj  observed. 

This  transfinrmation  of  snow  into  nkvA  is  analogOM  to 
certain  artificial  crystallisations.  Take  a  salt  that  ■ 
more  soluble  in  hot  than  in  cold  water,  nitrate  of 
lor  example;  pK>ar  on  it  some  water,  and  heat  it, 
same  time  stirring  it,  until  ita  tempentme  is  aon 
higher  than  that  of  the  room  in  which  joa  are 
After  having  maintained  it  for  some  hoars  at  this 
ture,  pour  it  into  an  open  plate ;  as  it  cools,  a  gxcat  mndisr 
of  unequal  crystals  aie  formed,  which  extend  ftom  the  at* 
enmieienoe  to  the  centre,  in  Uie  form  of  needles.  Whai 
the  temperature  of  the  liouid  is  m  equHikno  wiA  tliat  if 
the  room,  raise  it  a  few  d^irees;  the  water  beiw  aUe  to 
dissolve  more  salt,  you  will  see  the  little  dystals  dJaappT, 
and  the  laiger  ones  become  smaller.  Wlien  the 
wain  cold,  the  little  crystals  appear  again,  but  tibcy  _ 
themselves  to  the  larger.  If  the  experiment  is  several 
repeated,  the  number  of  crystals  continoes  dimimdui^  bat 
thor  dimensions  increase. 

It  is  the  same  with  the  formation  of  the  niv^  and  the  ies 
of  the  glaciers.  Let  us  imagine  two  momrtains,  3000  aaelwi 
high,  separated  by  a  deep  vafley.  During  winter,  oonadarable 
Tnawses  of  snow  are  accumulated  there  by  the  wiiub,  or  pra* 
dpitated  in  the  form  of  avalanches.  In  the  spring,  the  saa*s 
hart  becomes  sufficiently  stronr  to  be  able  to  mdt  the  snow; 
the  water  produced  from  this  union  penetrates  betwocn  the 
crystals,  and  partly  fills  then  with  bahUca  of  air.  If  it 
freeass  on  the  finUowiaf  night,  i^iich  happeos  ewvy  mi^ 
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hiffh  r^ioiis,  the  water  combines  with  the  flakes  of 
V  and  the  latter  are  transformed  into  transparent  grains 
flf  ioe.  The  bubbles  of  air  prevent  the  glaciers  f]rom  being 
taDfformod  into  a  compact  mass.  The  following  day  the 
Mm  again  acts;  the  crust  is  softened;  the  grains,  especially 
the  smaller,  melt  in  the  water :  they  then  unite  themselves 
•Q  the  following  night  to  the  laiger,  which  thus  increase 
pieccwively.  If  the  accumulated  mass  of  snow  has  great 
power,  and  the  summer  has  been  without  heat,  it  docs  not 
wfeirely  melt,  but  is  transformed  into  neve.  If  the  fusion 
nd  flaoeeasive  coagulations  of  a  mass  of  snow  are  renewed 
Ibr  aeverml  years,  a  new  glacier  is  formed,  as  is  frequently 
•bieryed  in  the  Alps.  The  size  of  the  fragments  increases ; 
nd  allliough  they  are  separated  by  air  ao^  water,  still  in  a 
liquid  state,  yet  their  imion  is  sufficiently  intimate  to  form 
ft  oompaet  mav. 

A  glader  is  not  a  motionless  mass ;  it  is  unceasingly  de- 
soending  towards  the  plain.  This  progression  is  due  to 
difierent  causes;  the  water  that  results  from  the  melting 
of  the  sorrounding  snows  filters  into  the  mass,  melts  it 
partially,  and  separates  it  from  the  ground.  Sunerficial  and 
deep  channels  are  formed,  in  wliich  the  water  flows  abund- 
antly. If  the  plain  on  which  the  glacier  rests  is  very  in- 
dined,  its  weight  tends  to  make  it  descend.  Crevices  and 
encka  are  formed.  When  the  temperature  of  the  air  falls 
below  zero,  the  water  contained  in  the  capillary  intervals 
oongeals,  expands,  and  the  mass  limited  above  and  on  its 
ades  by  mountains,  donates  in  the  only  direction  where 
it  finds  no  obstacle,  that  is  to  say,  parallel  to  its  great  axis, 
and  from  above  downwards.  Every  thing  then  conspires  to 
make  the  glacier  descend  into  the  plains,  where  its  presence, 
in  the  midst  of  forests  and  cultivated  fields,  is  a  subject 
of  astonishment  to  all  travellers.  These  glaciers  descend 
k>wer  as  the  mountains  whence  they  arise  are  higher,*  be- 
cause the  masses  of  snow  that  accumulate  on  their  summit 
aie  greater,  and  repair  the  losses  that  the  lower  extremity 
of  the  glacier  undergoes  bv  melting.  So  that  the  ice  of  the 
lower  extremity  of  the  glaciers,  which,  during  many  years, 
has  undergone  successive  thaws  and  congelations,  is  com- 
posed of  very  bulky  fragments,  as  compared  with  the  granules 
of  n6ve  {viae  Note  D). 

>  The  meftii  height  of  the  lower  eztreinlty  of  the  four  lowest  glaciers  of 
flit  SwIm  AifM  if  1330  metres  ebove  the  levsl  of  the  sea. .  These  are  those  of 
BasKMBS  and  de  la  Breuva,  which  descend  from  the  sides  of  Mont-Blanc ;  of 
Orindelwald  and  Aletsch,  which  come  flrom  Flnsteraarlfom  and  the  Jang- 

feUL-lC 


S28 


oCflt 


Tlie  g^beien  being  only  looil  _ 
the  beu^t  of  the  moimtaiaii  ind  on  tlie 
knd,  sooold  be  completdly  weglcBteMl 
mining  the  limit  of  eternal  ewmi.  Olie  ha^  at  vkidi 
fields  of  snow  eie  fomid  on  plain  Boribec%  or  on 
lather  inclined,  throng^boot  the  year,  ii  that  of  olenil  I 
This  liniit  vaiiea  aeeoraii^  to  tM  qaaaAily  of  fl^ 
during  the  winter,  Uie  Mat  of  the  euuunerfc  the  loed^ 
and  a  nost  of  circomstanees  that  eaeape  va;  maa  the  mmm. 
must  be  gathered  firomagieatmaqyoWiiatioui  ILBagl 
affirmed,  although  inoometly,  that  Uie  Uiie  whidi  mfmattm 
the  g^baers  fhxn  the  nM*  mm  more  conatawt  tJMa  ^int  rf 
the  perpetual  snowsL  Hie  foUowii^  table,  boimiwed  hm, 
the  clever  work  of  M.  «•  HwboMtj  on  Centnl  Aiiii^ 
titled  Aeaeorcte  oil  Ike  IfcwatecR  Clbteb  ontf  on  Cbn^ 
CUnuUoiogy,  YoLiiij^  859,  nves  the  hc^  and  tfaeJiaritrf 
eternal  snows  at  dirorent  latitades : — 
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The  line  of  eternal  sneiw  ii  eeeoi  genenllf  « to  ftll  Am 
the  equator  toward  the  pde.  However,  there  amnmiefaas 
exoqmxDs  to  this  role:  we  must  anal jae  them  sNentiveKf. 

The  limit  of  eternal  anowa  heinff  detenained  lirf  te 
height  at  whieh  the  snow  that  fidli  muh^  the 


not  melt,  the  manner  in  which  anew  hdbavea  with  nmet  to 
heat  ia  here  one  of  the  moat  inqjoitant  elenwiila.  whena 
aolid  bod^  paaaea  into  the  liqnid  atate^  the  heat  heooMi 
latent,  aa  in  the  caae  when  a  uqiiid erttoraftea.  LetaUb 
of  anow  be  plaoed  in  a  warm  roQB,  ana  »  theniMHHtorli 
plonged  in;  the  latter  win  very  nipjdly  ftU  to  the  fleMbH 

Siint.  For  a  long  time  it  will  remain  wtarionaTT ;  ajtha^ 
e  anow  melta  rapidly,  it  ia  not  nntil  the  Irhole  ia  adlid 
that  it  again  riaea,  oontinning  to  xae  nntil  the  tmi— fe 
of  the  water  ia  m  ^^nSMa  with  that  of  the  foom;  jiiliAa 
walls  and  every  dl;}eat  in  thia  room  radiate  heat  tamtA 
the  vesKl ;  but  thia  heat  dia^pcaia  and  heeanea  klHft 
during  the  act  of  fhaion. 

To  poTe  thia  truth,  take  a  kilogramme  of  water  at  an 
and  a  kilogramme  of  water  at  7S^;  the  mixture  will  be  m 
the  temperature  of  d7°,5.  Take,  on  the  odntiaiy,  a  kila- 
gramme  of  ice  or  snow,  and  throw  it  into  a  kilagramma  4 
water  at  75°;  the  ice  or  snow  will  melt,  but  the  tempeiaten 
of  the  mixture  will  remain  at  zero.  Thus  the  75**  of  heat 
from  the  water  have  disappeared  durins  the  wM^lfjiy  of  tta 
mow  or  of  the  ice,  by  which  they  have  been  ahaorbed.* 

In  considering  the  anomalies  presented  by  the  heigiitof 
the  limit  of  etenial  snows,  we  oo^ht  never  to  font  tUi 
latent  heat  Imagine  a  room  that  is  not  wanned  dnnagtht 
winter,  so  that  its  temperature  fidls  several  degrees  bekv 
zero ;  place  in  it  sevend  tubs  filled  with  snow,  vad  thea 
warm  this  room ;  the  temperature  of  the  walla  and  of  the 
air  will  rise  several  degrees  above  zero,  but  the  temperatart 
of  the  snow  will  remain  at  aero.  The  temperature  of  the 
room  and  the  quantity  of  snow  are  here  the  mHiigiiH^l  de- 
ments; and  it  oftoi  happens  that  a  small  quantity  of  now 
will  melt  faster  in  a  room  moderately  heated  than  a  eon* 
nderable  mass  in  the  same  room  immooerately  heated. 

The  height  of  the  snow-line  beinff  a  ranctkm  of  the 
quantity  that  falls  in  winter  and  of  the  neat  of  the  summera, 
It  is  dear  that,  in  equal  latitndesi  it  must  be  higher  in  the 
interior  of  continents,  where  less  snow  falls,  and  where  the 
summers  are  warmer,  than  on  the  coasts.    Thus  it  ia  650 


*  AcportBny  to  flM  wy  iMsnt  oiuwlUNBti  oTWi  n&A 
•ad  Paul  Dmaubi,  this  number  ■hoald  tw  roodUM,  and  Um  UtMit  kMft  «C 
lc€  wowM  be  7y,l.— (Vide  Comfta  rtudm  §e  rJmmui,  April  IBO,  p.  Ui^ 
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metres  higher  in  the  Caucasus  than  in  the  Pyrenees.  In 
the  mountains  of  Lapland,  Wahlenberp:  found  the  limit  of 
eternal  snows  at  1005  metres  on  the  Norway  coast,  and  at 
1255  on  the  Swedish  side;  Schouw  and  Smith  made  the 
ame  remark  in  the  district  of  Bergen. 

This  difference  is  verv  marked  on  the  two  sides  of  the 
HfaBalaya.  On  the  south  side,  M.  de  Humboldt  formerly 
fnd  toe  line  of  eternal  snows  at  3700  metres ;  since  his  ac- 
OBonty  the  English  trayeller,  Webb,  fonnd,  near  Kedamath, 
■I  3655  metres,  and  Miiem,  at  3610  metres,  trees  and 
riwdodendrons;  and  a  luxuriant  vegetation  at  3870.  The 
fr.  fine  of  eternal  snows,  therefore,  rises  ahove  3900  metres. 
i  Oki  the  north  side  of  the  Himalaya  it  is  still  higher,  and 
f  CfCBL  cneedfl  that  of  eternal  snows  on  the  equator.  The 
r  Tcry  ftfw  ftcts  that  we  possess  enahle  us  to  nx  it  approx- 
''     ^*"  «t  5070  metres,  tnna,  at  1170  metres  higher  than  on 


difference  is  due  to  the  ehanm  of  the  num- 
f;  fm'ihm  north  of  the  Himalaya  extendB  a  ymai  plain, 
''  with  nod  and  rounded  flints — a  yery  desert  The 
het^wwji  the  temperature  of  the  air  above  this 
and  above  the  one  situated  to  the  south,  sives  rise  to 
80,  on  the  north  of  the  Himalaya,  taere  will  be  « 
Iflid-wfaid;  on  the  south,  fresh  sea-breezes.  The  fidl 
of  Ifae  OHiw-liiie  on  the  south  is  further  favoured  by  the 
dhftfim  of  these  winds.  During  summer,  they  blow  from 
the  S.W.  and  bring  vapours  that  condense  on  the  chain  of 
—ff^rf^'w  and  form  a  band  of  doud  and  fog,  which  prevent 
the  Ktioii  of  the  sun  on  the  snow,  while  at  the  north  the 
^sj  mist  be  almost  always  serene.  Add  to  this,  that  less 
SBov  lUls  during  the  winter  on  the  noitii,  or  eontmental 
sUi^  md  that,  oonseqnently,  this  nnnt  disappear  up  to  a 
height 


V. 

WEIGHT  OF  THE  ATMOSPHERE. 


WBIOHT  or  TBS  AtS. — AilatMl*  WM  the  fint  to  ' 
suspect  that  the  air  was  heavy ;  to  usnrc  himself  of  thk,  ba 
bmk  a  leathern  bottle,  weighed  it  first,  when  emp^,  and  den 
again,  after  having  filled  it  with  air ;  for,  said  he,  if  the  ur 
ii  heavy,  the  bottle  muM  be  honiec  to  the  laOec  than  m  tha 
fonner  case.  These  antidpation  not  haTuig  been  coniiBri 
by  experiment,  he  concluded  that  the  air  was  not  tswy. 
^owerer,  sereral  philosophen  of  aatignity  "^— *ttinl  In 
materiality  of  the  air  bh  a  lact.  Tho*  the  aduol  of  ^ii> 
ennui  compared  the  efitos  oF  winds  to  thoae  of  air  m  Mn- 
tion,  and  n^arded  the  elements  of  theairasinTiablebadii^ 
called  by  Bplcarva,  Corpora  Cteea. 

However,  during  the  reign  of  the  philosoplij  of  Ail» 
totu,  it  wu  admitted  that  the  air  was  not  heavr,  and  tbm 
were  bnt  very  few  philosophers  who  did  not  diaic  in  thb 
error.  Aboat  1640,  Torieclli  and  Otto  «•  Qwrteka  madi 
about  the  same  time  tome  experiments  l^  whidh  the  iii%hl 
of  the  air  was  proved.  Otto  «•  Omm*Uk»'m  cipeiima^i 
with  the  air-pnmp  were  the  most  concluave. 

Take  a  ^Usa  ^obe  fiuniahed  with  a  stop-cot^  ctihtm- 
padty  of  thirty  cubic  dedmetret ;  wdghttlijagoodbolnee; 
then  screw  it  on  the  plate  of  the  air-pnmp^  ana  T'htTiit  iL 
On  a^iain  weighinK  the  ball,  yon  wiD  floa  that  ila  wtkM 
has  duniniabed ;  S  the  rtop^nck  is  opened,  the  dr  ranci 
into  the  boll  with  a  hissing  noise,  and  the  eqiiilibtiam  b  n* 

So  that,  by  repeating  judidonslT  AvUtatla'a  e]^*!^- 
ments,  Otto  <•  Ovariek*  convinced  himself  that  the  idr  ii 
heavy.  If  Arfatotia  found  the  contrary,  it  is  doe  to  the 
change  of  volume  of  the  leathern  bottle  m  the  two  ttmya; 
tor  evei;  body,  when  weighed  in  a  fluid,  loses  in  wei^  « 
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quantity  equal  to  the  weight  of  the  fluid  displaced.  Take  a 
piece  of  iron :  weigh  it  carefully  in  the  air ;  then  suspend  it 
irith  a  wire  beneath  the  scale-pan,  so  that  it  plunges  into  a 
Tend  filled  with  water;  its  weight  will  then  not  be  more 
iSbasD.  0,86  or  0,88  of  what  it  was  in  the  air.  A  closer  exami- 
attioii  ihewB  that  the  loss  in  weight  is  equal  to  the  weight 
of  the  witer  displaced  by  the  iron.  Fill  a  stoppered  bottle 
intfi  water,  and,  after  having  wiped  it^  plMe  it  on  the 
balaiioe  beside  the  piece  of  iron,  and  weigh  it  with  care ; 
tiien  i^aee  the  ^eoe  of  iron  in  the  bottle ;  it  will  evidently 
expel  an  equal  volnme  of  water ;  and  if  yon  asain  weign 
llie  bottle^  after  having  wiped  it,  the  weight  wm  be  dimi- 
nidied  by  that  of  the  water  expelled  firom  it  Moreover, 
this  ^Smmution  wUl  be  exactly  equal  to  the  loss  of  weight 
wludi  the  jneoe  of  iron  undergoes,  when  weighed  in  the 


Hw  flsperiments  of  otto  do  Ouorioko  having  proved 
UmA  HmmriB  heavy,  every  body  that  is  weighed  in  air  must 
loso  Ib  ^>"J^t  a  quantity  equal  to  the  volume  of  air  it  dis- 
■loOBi  The  bottle  employed  by  Ariototio  would  have 
MQ  iMKvier  if  weighed  in  vacuo^  Suppose  that  about 
fliblj  cnbie  decimetres  of  air  were  introdnoea  by  being  blown 
Ib,  a  wdlght  would  have  increased  about  four  grammes,  but 
Im  bottle  would  at  the  same  time  have  expanded;  its 
"volDiiie  k  increased  hj  thir^  cubic  decunetres  and  displaces  a 
yolome  of  air  equal  in  weight,  so  that  its  loss  in  weight  is 
fimr  grammes.  So  that  its  weight  remains  the  same ;  but 
in  OMo  do  ChMiieko'a  experiment  the  vessel  retained  the 
Mme  capacity  whether  it  were  empty  or  full ;  and  its  loss  in 
ndig^t  oy  the  air  displaced  being  m  both  cases  the  same,  we 
ahonld  expect  to  find  a  difference  that  would  shew  the 
ndig^tGf  Uieair. 

OF  TRB  BAROMBTER.— Before  Otto  do  CHoMrieko, 

VoHooui  had  made  an  experiment,  which  also  proved  the 
weight  of  the  air,  although  in  a  less  direct  manner.  Take 
ftjAss  tube  a  metre  long,  and  closed  at  one  of  its  extremities, 
fill  it  with  mercury,  and  plunge  it  by  its  open  end  into  a  cup 
filled  with  the  same  metal ;  the  column  will  fall  in  the  tube 
to  the  height  of  about  seventy-six  centimetres  (about  thirty 
Bnglish  inches)  on  the  sea  shore.  If  the  tube  is  inclined 
the  lenffth  of  the  column  vdll  increase,  but  its  vertical 
height  anove  the  mercury  bath  will  always  remain  the  same. 
If  made  witii  water,  this  experiment  would  have  given  us 
ft  column  10,2  metres  high  (334tt.  English),  and  consequently 
13,5  times  longer  than  the  column  of  mercury ;  but  as  this 
metal  is  13,5  times  denser  than  vrater,  the  experiment  proves 
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that  the  lai^[Uii  of  the  eofannemli 
to  the  densitiei  of  the  limiida. 

Whoi  Torteem  had  dinemnDi  iStm 
daded  that  the  weight  cf  the  «r 
the  mercurf  by  the  kmcr  orifiee  of 
the  name  ofbanmietcr  to  hia  inetnaaflBli  ftwa  As 
fi^,  mJAt,  and  f^r^  mtawiie.  The  he||^  oTllie 
cniial  eohinm  above  the  aoifiMeofthe  mdbu  k  ■■■ri.lhi' 
he^qftkeiatomtiu.  HeieKedea  the  fw^  haown  fhK 
nomena  of  communicating  tobei.  If  atolenblf  lamina^ 
metxie  tobe  18  bent  10  aa  to  loim  two  pinlld  nraMaibad. 
water  it  poured  into  one  of  thcBB,  it  will  ha  at  »•  kmi  ia 
both  branches.  The  aame  thiw  ia  obaerred  whataw  fee 
the  liquid  emplojred,  or  the  nutife  diametor  of  tfm  ta^ 
tubes;  if  we  first  pour  msfeniy  into  one  hrandi  andwiiK 
into  the  other,  the  sur&oe  of  the  mereniy  will  be  lowwia 
the  lunanch  oontaining  mercury  than  in  the  other;  hat,  if 
we  guide  the  horisontel  plane  thnNwb  the  Une  anpaialiig: 
the  mercury  and  the  water,  and  sedc  the  elevatiott  aboie 
this  plane  of  the  opposite  mercurial  column,  we  shall  find  it 
1S,5  times  less  than  that  of  the  ¥niter.  C)n  repeating  ths 
experiment  with  other  liquids  which  do  not  eombuae  de» 
mieally,  we  arrive  at  this  genersl  result,  that  the  heififats  of 
columns  abore  the  surface  of  contact  of  the  two  liqmds  aie 
inversely  proportional  to  their  densitiea. 

Let  us  now  admit  that  the  air  is  a  heavy  body;  it  Al- 
lows that  the  strata  of  air  superposed,  even  to  the  limits  af 
tiie  atmoq^re,  exercise  a  pressure  on  all  bodies  placed  am 
the  surface  of  the  earth.  If^  therefore,  we  fill  with  meraniy 
a  bent  tube  open  at  its  two  extremities,  and  the  brandbea  A 
which  are  parallel,  the  mercury  will  tend  toward  the  same 
level  in  both,  because  the  air  will  press  equally  on  their 
surface.  But  if  one  of  the  branches  is  doadd,  and  the  ap- 
paratus filled  with  mercury,  it  will  stand  higher  in  tte 
branch  that  is  deprived  of  air  and  dosed,  where  there  will 
be  nothing  but  the  weight  of  the  mercuiy ;  while,  in  the 
other,  there  will  be  the  weight  of  the  mercury,  and  then 
that  of  the  atmosphere,  which  in  this  case  fills  the  place  of 
the  water  that  we  poured  on  the  mercury  in  the  former  ex- 
periment. Thus,  then,  the  difference  ot'^levd  between  the 
two  columns  will  indicate  to  us  the  wei^t  of  the  atmo- 
sphere. 

If  this  hypothesis  is  true,  it  follows,  as  Paschal  was  the 
first  to  obfler\'e,  that  the  mercurial  column  must  be  larger  at 
the  foot  than  at  the  summit  of  a  mountain.  For  then  none 
of  that  portion  of  the  column  of  air  that  is  beneath  the 
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pressefl  upon  the  mercurial  column  contained  in  the 
open  tube.  Experiment  confirms  thia  anticipation ;  so  that 
krometen  may  be  employed  to  measure  the  height  of 
■ountflins.  Two  observers  place  themselves,  one  at  the 
■umnit,  the  other  at  the  foot ;  they  make  simultaneous  ob- 
nrvations,  and  from  the  difference  of  the  length  of  the  mer- 
inrial  oolnmns  they  deduce  the  level  of  the  two  stations. 
With  a  barometer,  provided  with  a  scale  properly  divided, 
erai  the  differences  between  one  story  and  another  of  a  house 
ne  obseiTed.* 

BbAflnoiTY  OF  THE  AIR. — By  elasticity  we  under- 
•tand  that  property  which  certain  bodies  possess  of  oocupy- 
mg  Um  space  under  the  influence  of  certain  forces,  and  of 
zetuming  to  their  original  volume  as  soon  as  these  forces 
cease  to  act  Take  a  tumbler,  invert  it,  and  plunge  it  into 
-water;  in  proportion  as  the  liquid  rises  in  the  vessel  the 
imprisoned  air  occupies  a  space,  which  is  less  as  the  glass  is 
plunged  deeper.  If  wc  raise  it  so  that  the  brim  comes  in 
contact  with  the  surface  of  the  water,  the  air  again  fills  the 
whole  glass.  In  the  latter  case  the  air  is  merely  subjected 
to  atmospheric  pressure ;  when  the  glass  is  plunged  m  the 


*  Two  kinds  of  baromotcrs  may  be  employed  for  meteorological  and  hyp- 
obserratloiM ;  the  basin  barometer,  or  Foetik's,  and  the  syplion 
These  two  kinds  of  instruments  have  been  infinitely  modified. 
_  all  these  varieties,  an  in.nruincnt,  which  the  experience  of  several 
7MXV  and  many  voyages  has  induced  mo  to  consider  the  most  perfect,  is 
FOETUi^  barometer,  modified  by  M.  Delcxos,  of  which  a  general  view  is 
flTtn  in  plate  ii./^.  5,  and  the  details  in  Jigs,  ti  and  7. 

The  first  modification  of  Fobtin's  barometer,  realised  by  M.  Delcbos, 
eoBiiatB  in  this: — that  the  summit  of  the  ivory  point,  plate  ii.  Jig.  7,  rf,  is 
Wf<d  with  the  summit  of  the  annular  menisous/'  c"  of  the  reservoir.  Foe- 
TIM  ^aced  this  ]>oint  so  that  it.n  lower  extremity  was  tangent  to  the  convex 
arc,  by  which  the  surface  of  the  annular  meniscus  is  imited  with  the  sides  of 
fbe  rMerroir.  The  point  of  contact  was  situated  at  such  a  distance  flrom  the 
axia  that  the  depression,  corretpowiiytg  to  /ktsvomf^  exactly  compensated  the 
daprearion  of  the  summit  of  the  meniscus.  Experiment  has  shewn  that  this 
iwnpsiiiafliin  which  is  possible  in  theory,  is  very  rarely  realised  in  practice. 
By  means  of  the  table  that  wo  give  page  24'),  it  is  easy  to  calculate  exactly 
this  depression. 

The  object  of  M.  Delcxos's  second  modification  was  to  render  the  mor- 
eonr  of  the  attached  thermometer,  plate  u.^g.  •*>,  /  /',  as  little  sensible  to  tlio 
variations  of  temperature  in  the  circumambient  medium,  as  was  that  of  the 
iMmnetric  column  itHolf.  The  bulb  of  this  thermometer  is  cylindrical,  and 
amatalenveloiM,  of  thickness  equal  to  tliat  of  the  copper  mounting,  protects 
U  sninst  external  thermometric  infiuencos. 

Finally,  the  moving  screw  of  the  vernier  is  snppres.«ic<l.  The  slide,  plate  ii. 
Jig.  6,  b  1/  b"  b'",  is  retained  l>y  gentle  friction,:  and  a  small  metal  button 
c  is  attached  to  it,  so  that  it  may  be  moved  up  or  down  by  a  scries  of  repeated 
taps.  A  penknife,  a  key.  even  the  i>cncil  of  the  observer,  are  sufficient  to 
produce  tlie  slightest  displacements.  Vide,  for  further  details  on  tlit-se  in- 
■truments,  the  barometric  comparisons  made  in  the  north  of  Europe  by  A. 
Beavais  and  Cu.  Mabtins,  Mint.  lU- 1' Acad,  ttc  Bnurclles,  t.  xiv.  lH4i  ;  and 
the  description  of  tlic  barometer  witli  constant  level,  by  M.  T)a,CE0S,  Bulletin 
4t  im  Soeivte  Cico/ogique  r/c  France,  t.  xli.  IH II.— M. 


I'CG  WEIGHT  OF  THi:  ATMOSPHEXE. 

\NatcT  it  is  subJL'Ct  in  addition  to  the  pressure  of  the  wilcr. 
^Mercury  is  preferable  for  researches  of  this  kind ;  for  nt 
are  able,  in  small  apparatus,  to  obtain  greater  preasiiRstliii 
with  water ;  and  the  experiments  are  not  oomplieatBd  by  tbc 
formation  of  rapours.  Exact  experiments  shew  that  the  to* 
lume  of  a  ^Ten  mass  of  air  is  in  inverse  pruportion  to  tiie{ra- 
sure ;  Una  is  called  Mariotte's  law,  fiximitsdiioovcRr.  oim- 
pose  we  fill  a  vessel  with  eighty  cubic  oentimetrei  of  drimoff 
a  barometric  pressure  of  sevent^-sx  oentimeCrea,  this  lir  wSl 
be  merely  subject  to  atmospheric  presBUie ;  bat  if  ire  flutter 
weigh  upon  it  a  column  of  mercuiy  seventy-six  Deiiliinrtiei 
high,  the  pressure  will  be  doubled;  that  is  to  say,  IAS eenCi- 
metres :  this  mass  of  air  will  then  only  oeeopy  a  ifoee  of 
forty  cubic  centimetres ;  if  the  pressure  were  ■evcntj^cac 
instead  of  seventy-six  the  space  oocuped  would  be, 

— J- —  =  80  cubic  centunetres. 

These  fiusts  lead  us  to  admit,  that  between  the  ^nA^ffn^m 
of  air  there  exists  a  reptilsive  force,  by  virtue  of  wbidi  tfaqf 
tend  to  separate  from  each  other ;  the  following  experimaift 
proves  this  in  a  direct  manner.  Take  a  soft  flattened  bladder : 
place  it  under  the  receiver  of  an  air-pump ;  it  will  mcfloat 
as  the  vacuum  is  being  made,  but  shrmk  up  ajgain  m  the  lirii 
allowed  to  return  into  the  receiver.  The  jjarticles  of  air,  these- 
fore,  tend  to  separate  bv  virtue  of  their  elasticity,  and  to 
occupy  the  greatest  possible  space ;  but  the  pressure  of  the 
atmosphere,  acting  on  the  sides  of  the  bladder,  confines  them, 
and  presses  them  close  together :  as  soon  as  it  ceases,  the 
molcctiles  separate  in  all  directions. 

If  our  atmosphere  were  not  retained  by  the  force  of 
gravity,  it  would  be  dissipated  into  space*.  It  f(^ow8  that 
the  density  of  the  air  diminishes  as  we  ascend  fixim  the 
surface  of  the  earth,  because  the  higher  strata  are  not 
pressed  upon  by  the  lower.  Experiment,  moreover,  proves 
this  directly :  the  higher  we  ascend  the  more  does  the  we^bt 
of  a  cubic  decimetre  of  air  diminish. 

We  may  observe  throughout  nature  analogous  effects  to 
those  of  the  expansion  of  a  bladder,  under  the  receiver  of  an 
air-pump.  In  many  coal-pits  there  is  an  escape  of  hydn^gen, 
a  gas  easily  obtained  by  acting  on  zinc  by  sulphuric  add 
diluted  with  water.  Inis  gas  is  very  iimammable,  when 
mixed  with  air  it  detonates;  now  in  certain  galleries  tins 
gas  is  so  abundant  that  they  are  obliged  to  be  abandoned ; 
but,  more  frequently,  it  is  developed  m  holes  and  caverns, 
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communicating  with  the  gallery  by  narrow  fissures.  ^Miilc 
llie  gu  is  in  small  Quantities  its  presence  is  not  indicated, 
but  Uiere  is  firequently  a  detonation  at  the  time  of  a  storm. 
This  coinddence  is  easily  explained, — the  storm  is  indeed 
generally  preceded  bv  a  sudden  fall  in  the  barometer ;  the 
vcMore  becoming  less,  the  hydrogen  escapes  from  the 
nniiesy  and  fills  vie  gallery ;  and  if  any  one  is  so  unfortu- 
Btte  as  to  enter  with  a  light  an  explosion  instantly  occurs.'*' 
A  similar  phenomenon  occurs  in  springs  containing 
arbonic  add.  It  is  probable  that  these  waters  are  charged 
with  this  gas  in  cavities  where  the  atmospheric  pressure  is 
much  greater  than  on  the  surface  of  the  earth ;  but  when 
the  spring  arrives  at  the  surface,  the  gas  is  liberated  in  the 
finrm  of  bubbles,  especially  if  the  barometer  is  low. 

METHODS    FOR    DETERMINXNG    THE    WEIGHT 

or  THE  AIR. — The  two  properties  of  the  air,  namely,  its 
weight  and  its  elastidty,  may  serve  to  measure  the  weight 
of  Uie  atmosphere.  As  every  body  loses  in  air  a  weight 
e^nal  to  that  of  the  air  it  displaces,  of  which  we  may  con- 
vmoe  onrselves  by  various  experiments,  a  hollow  sphere  of 
glass  or  metal  is  suspended  to  the  beam  of  a  balance,  whilst 
»  dense  body,  of  small  bulk,  is  suspended  on  the  other  side. 
If  the  oscillations  of  the  balance-beam  can  be  given  on 
mdnated  scales,  we  shall  observe  that  the  sphere  falls  when 
tne  weif^ht  of  the  air  diminishes,  just  as  if  it  oecame  heavier, 
whilst  It  ascends  if  the  pressure  increases.  This  is  easily 
explained ;  indeed,  as  the  sphere  and  the  body  each  displace 
a  mass  of  air  equal  to  their  volume,  they  wei^h  less  than  in 
Toacuo;  but  the  loss  in  weight  of  the  sphere  is  greater  than 
that  of  the  body.  K,  then,  the  pressure  diimnishes,  the 
weight  of  the  two  bodies  in  emuUMo  diminishes  also ;  but 
that  of  the  sphere  diminishes  less  than  that  of  the  body;  it 
will,  therefore,  be  heavier,  and  will  descend.  This  apparatus, 
which  has  been  employed  by  some  observers,  is  always 
ineofiect,  however  perfect  may  be  the  balance  employed. 

*  Hr.  JoBM  BcDDLi  reUtM  that,  in  a  gallery  of  a  coal-mine  at  Wallsend, 
an  explorion  cSJirt-damp,  or  cartmretted  hydrogen,  killed  fifty -two  persons, 
on  October  21, 1821 ;  the  barometer  stood  at  omy  731  milUmetret . 

Xr.  Comn  remarks,  that  the  pressure  under  which  the  gas  is  liberated 
is  not  the  same  in  all  mines ;  tiins,  in  the  ooal>mine  of  Latour.  near  Firmini. 
hydrosen  waa  abundantly  liberated  throu^  a  mass  of  water,  twelre  metres 
deep,  and  consequently  under  a  pressure  of  about  two  atmosphere?,  lie 
obetnrea,  as  did  Mr.  Buddle,  that  an  escape  occurred  principally  in  the 
MWibourhood  ni  spots  where  the  strata  lose  their  regularity,  either  by  a 
turn  ct  an  eleraiion-  Thus  on  April  10, 1824,  there  was  an  explosion  in  the 
eoal-mlne  of  Ronchamp  (Haute>8aAne),  bv  which  twenty  workmen  were 
kflled.  The  gas  had  preriously  been  rarely  seen  in  this  mine,  or  only  in 
■nail  quantSties ;  howerer,  an  escape  had  taken  place  befcnv  the  accident, 
Inthe  ndghboarliood  of  a  flwlt. — {Comptei  rendus  del*  Acad,  dct  Sciences,  t.  ii. 
lip.  123,  509.    1836).    M. 


238 

We  muj  ilflo  mcisiiie  iht 
pressure  by  oonsiderine  the  toIibm^ 
of  air  oocupiet  under  diffieKBi  cncna 
eertein  Tolome  of  diy  air  be  deied  m  in  » 
known  capacity*  and  aepuated  ftom  toe  uni 
a  column  of  meccoiy.    I^wfaDethetevpcntme] 
Bsme,  the  pressure  dhniniabes,  Uns  av  wfll  a_ 
from  the  qpaoe  it  oeeonieB  may  be  deduced  die  dbo^  rf 
pressure ;  as  heat  also  oilatei  the  atr,  ire  nmit  attMh  ta  tin 
appantus  a  correct  thermometer,  in  oider  to  *^ 

variations  of  temperature. 

The  barometer  is  the  inatmncnt  wbicli  be* 
changes  in  atmoepherie  pressure ;  boti  in  ofder  to 
exact  instrument,  we  mnst  not  nc^eetaoy  oClteiilkarim 
precautions. 

BOI&ma  TRB  MBKOUKT  III  Vl 

— Ab  the  length  of  liouid  oolumna  di 

atmosphere  are  inversay  proportional  to 

indispensable  to  employ  perfectly  nu 

amalgamated  with  zmc  or  lead,  ns  dei 

same,  and  the  length  of  the  column 

a  barometer  filled  with  perfectl^r  pure  mercury.    The 

ample  process  consists  m  waidung  the  meremy  with  aeelie 

or  dilute  sulphuric  add ;  other  mme  perfect  pnneHBi  mt 

difficult  of  execution. 

The  mercury,  being  properly  purified,  is  poured  into  Ike 
tube,  but  then  Uie  air  remams  unprisoned  at  the  boCkan  if 
the  tube,  and  the  metal  itself  is  mixed  with  babbles  of  air. 
To  dMve  these  away,  the  tube  is  first  filled  to  about  one- 
third;  it  is  then  brought  near  to  a  charcoal  fixe,  or  a  atraafg 
r*  'it-lamp,  and  is  turned  on  its  axis  so  as  to  eipQae  to  As 
the  whole  surfkoe  of  the  cylinder  in  succesrion,  mitQfte 
mercury  b^ns  to  boil ;  it  is  then  allowed  to  become  €tm^ 
pUldg  cold,  and  mercury  is  added  so  aa  to  fill  two-tliiidi  of 
the  tube.  Boiling  is  again  oommenoed,  bynaing  ftwt 
below;  and  we  contmue  thus  until  the  tube  is  filled  ana  all  the 
mercury  has  boiled.  In  order  to  learn  whether  a  barometer 
has  beoi  well  boiled,  it  is  gentiy  inclined,  the  atnldiigof  the 
mercuiy  against  the  end  iwoduces  a  dry  and  metallie  aoond ; 
it  18,  on  tne  contrary,  auU  and  heavy  if  a  bubble  of  air 
remains.  We  ma}r  abo  discover,  by  means  of  a  lenSi  if  ainy 
Imbble  of  air  remains  at  the  end  of'the  tobe.* 

■OAiA  OP  VBB  BAAOMsraR.— It  mnt  be  ofbna^ 
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provided  with  a  vernier,  so  as  to  give  at  least  the  tenths  of 
a  millimetre.  In  France,  the  scale  is  in  millimetres;  in 
England,  in  English  inches  divided  into  tenths  ;'^  in  Germany, 
in  French  inches  and  lines;  the  vernier  generaUy  indicates 
the  tenth  of  a  line.  The  Germans  indicate  inches  by  putting 
two  accents  after  the  number;  lines,  by  putting  three 
ioeents ;  27"  3"',  85,  means  27  inches,  3  lin^  85  hundredths 
of  a  line ;  more  frequently  they  give  the  height  in  lines,  and 
the  preceding  number  becomes  327,  S5". 

COBABCTXON  REIiATXNG  TO  TEMPERATURE. — 

In  order  to  admit  of  comparison,  barometric  measurements 
zeqnire  a  correction,  because  heat  expands  the  mercury.  If  we 
compare  two  barometric  columns,  having  the  same  length  at 
different  temperatures,  these  columns  would  not  have  the 
Mme  actual  length  at  the  same  temperature.  Thus,  then, 
we  m«0t  make  a  correction,  in  order  tnat  the  lengths  of  the 
barometric  columns  may  be  such  as  they  would  have  been 
iband  if  the  barometers  had  been  suspended  in  the  same 
room ;  so  that  a  thermometer  is  attached  to  each  barometer, 
and  so  placed  that  its  temperature  indicates,  as  nearly  as 
possible,  that  of  the  mercury  of  the  barometric  column. 
Meaaurements  carefully  made,  prove  that  if  we  represent 
by  1  the  length  of  the  barometric  column  at  freezing  point, 
this  length  becomes  1,0156  at  the  temperature  of  boiling 
water.  The  dilatation  of  mercury  being  uniform  between 
the  freezing  and  boiling  point,  the  dilation  for  one  centigrade 
degree  may  be  considered  0,0018 ;  if,  then,  a  barometer, 
with  the  air  at  zero,  is  at  760*°",  and  it  is  brought  into 
a  room  at  20**,  its  height  will  be  762,44°"^,  without  the 
atmospheric  pressure  having  undergone  the  slightest  change. 
The  reverse  takes  place  in  fike  manner ;  if,  in  a  chamber  at 
32^,  the  barometer  indicates  763,90,  it  will  only  be  758,03 
in  the  air  at  — 16^ 

By  means  of  tables  we  may  thus  reduce  the  temperature 
of  tlie  mercurial  column  to  any  other  temperature  what- 
ever,* but  it  is  generally  reduced  to  that  of  melting  ice. 

The  graduated  scale  that  accompanies  the  JMrometric 
tube  also  changes  in  length,  according  to  the  temperature  : 
it  is  longer  in  high  temperatures  than  in  low ;  and  then  the 


•  ViiU  Note  A,  Appendix,  No.  II. 

*  Tables  for  the  reduction  of  the  barometer  to  lero,  are  found  in  the 
Annmairfs,  published  by  M.  ScBUMACHia,  within  the  limits  comprised  be- 
tween 700  and  778,  and  the  temperatures  of  -  17  to  +  32.  That  of  the 
metric  barometer  is  found  in  the  Anrtuaire  of  1838 ;  those  of  French  inches 
and  lines  in  that  of  1839 ;  that  of  the  English  barometer  in  the  Atmuaire  of 
1897. 
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mfiisiire  of  an  interval  is  eijmwd  1ij:a 
than  daring  ooUL  Thoa,  then,  ndnk  hmt 
mcrcnrial  column,  the  aoki  by  eiiiMMllng, 
this  effect;  if niercnryandcCCTcrqBrtede^aal^ytrtwwlM 
effects  would  zedprocally  dainy  ekh  odifirt  and  tht  cor 
rection  would  be  nothing;  bat  it  is  not  ao.  mm  Ite 
scale  is  of  braaa,  aa  ia  genenUy  the  eaae^  lla  eipMiaB  h 
only  0,1  ofthatofthemecany. '.Ofttfae  other  baaiyifia 
are  at  liberty  to  reduce  the  mereurial  cohmm  to  M^toa^ 
peratuie,  it  ia  not  the  aame  with  the  nale;  fia^'k  dl 
countriea,  the  diriaion  of  aeaka.  k  ahnm  lira«|^  ta  a 
certain  temperature.  Thua,  in  Iteiee^  ue  inilllMtiiai  d 
the  acale  are  not  atrictly  ndUimefcteai  eaoept  at  Aa  tai- 
peratuieof  lero;  French  feet  and  indiea  an  not  ftatani 
niches,  except  at  a  tempeiatare  of  IS^  Bteonnr*  Wa*^^ 
give  a  taUe  to  redndng  to  the  tanperatoie  of  asR 
metric  column  nrovided  with  a  bnaa  aealeb  Aa 
divisionaaf  whicn  reproscnt  cctitimetraa  and  mflMaaalwa  it 
the  tempeiatnre  of  aero.* 


'•  For  M.Kaxirs^  table,  whidiwifytitMdtd  from  MO  tons 
hare  lalMtttuted  the  modi  more  extenare  and  porfcet  tabte  laft^ 
by  M.  Dnjcam.  It*  nae  ia  rery  liinple.  Snppoaa  tkat  the  baiwMlv  k  a 
745  miUimetreir  and  the  attacked  thmuomalw  Indtoataa  SF.  W»  ■■! 
nUmet  1"*,(ks,  and  we  ihaU  ham  the  heli^  ofthe  bi 
74S">S918  at  sero.  Another  example :  If  the  baroneter 
and  the  thennometer  16^6,  the  qnaatltj  to  be  ■abUmcfd  vfll  ba 
that  which  oorreiiKMida  to  10",  which  wiU  be  fbond  in  Iht 
namdj,  l^^sSS*  uiereased  by  that  cui  i mumJIm  to  S^, 
Finally,  to  this  ram  we  add  the  oonrectkm  iwimpiHiillm  to  iP,^ 
O^MfOT.    The  total  correotioa  will  thereto*  be  s 

]M,SS  +  0-is61  +  0-^07=  1"%90. 

As  the  correotioa  ondergoea  Tery  little  ehaaM  la  evaiyftft 
of  the  barometric  colmnn,  and  the  thennometne  iadleatlMie  mij  iftvia 
proThnately  the  tempetaiiu*  <rfthe  barometric  ooi— ,  HweMldboi 
ing  to  an  imaginary  exactnem  to  make  rigoroua  interpolstlone. 

If  the  thennometer  that  it  attached  to  the  barometei 
bfkna  lero,  we  then  take  the  eorroeiwniilng  poritfre  doreoa 
the  correction  beoomee  MUMtr.    Thai,  In  a  gMMnlmaBBar,  If  A  to  tki 
height  of  the  barometer,  n  the  number  of  porftire  or  negative 
marked  by  the  thennometer,  the  fbrmnla  of  the  ndMoUoa  to 
e,00016U.~M. 
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Before  abandoning  thig  aubject,  we  miut  shew  by  lome 
examples  the  indiap^uable  nteeaatj  of  these  reductioDa ; 
formerlj,  they  were  n^lected  j  and  it  ii  only  within  about 
ten  years  that  the  minority  of  obserren  have  taken  them 
into  account.  However,  in  some  countriei,  and  particularly 
in  England,  there  are  philoaophen  who  do  not  appear  to 
hare  appreciated  their  neeemty :  for  their  meteorological 
joumala  merely  contain  the  uncorrected  heights  of  the  baro- 
meter. Indications  of  this  kind  teach  lU  pUinly,  in  general 
terms,  whether  the  barometer  U  high  or  low ;  but  there  are 
a  great  aumber  of  researches  for  which  they  could  not  be 
employed.  Do  wc  with,  for  example,  to  compare  the  baro- 
metric height  in  the  different  leaMimi  P  The  reduction  is 
indispensable.  Indeed,  luppoae  that  dnrine  the  winter  the 
barometer  was  placed  in  a  room  not  wanned,  the  mean  tem- 
perature of  which  was  — 6° ;  and  tiiat,  in  summer,  the  same 
mean  was  20° ;  suppose  also  that,  in  the  two  seasons,  the 
jouvrrected  height  was  756»".  We  should  commit  a  great 
error  were  we  to  conclude  that  the  atmofpheric  premure 
was  the  same  in  both  seasons ;  for,  on  reducing  the  baro- 
meters to  lero,  we  should  find  that,  in  winter,  the  mean 
height  of  the  barometer  is  756->,24,  and  in  summer, 
753~°,-;6  ;  BO  that  it  is  2'™,68  less  in  summer  than  in  win- 
ter. There  are  other  researches  in  which  small  differences 
in  temperature  may  occasion  great  errors ;  wc  shall  pre- 
sently see  that  the  barometer  is  lower  at  4  r.M.  than  at 
lO  A.M.  In  onr  mean  latitudes  this  difference  is  about 
0°"",6.  Suppose  that  the  barometen  are  not  brought  to  the 
aame  temperature,  and  that  the  thermometer  risee  3°,  from 
10  A.M.  to  4  rjL^  a  difference  that  is  observed  almost 
every  day  throusbout  the  year ;  it  follows  that  the  baro- 
meter is  nigher  by  0"'",4  than  if  the  temperature  had  not 
changed :  for,  if  the  barometer  falls  (>~",6,  in  consequence  of 
diminution  of  pressure,  it  rises  0^',4  in  consuuence  of 
increase  of  temperature,  and  the  corrected  difference  is 
0"",6  —  0"",4  =  0-",2  i  on  the  contrary,  without  these 
corrections,  it  is  0",6  —  0"",2  =  0",4  :  thus  the  error 
would  be  0"°,2.  Conseauentlv,  tbc  most  fkithful  observa- 
tiona,  and  those  made  with  the  best  instruments,  are  valueless 
unless  the  temperature  of  the  barometric  column  be  knovm. 
CORRECTION  FOB  CAPii.i.&BiTy.*~In  all  reser- 
voir barometers,  where  the  point  is  adjusted  to  the  summit 
of  the  meniscus,  and  in  that  of  Fortlo,  as  modified  by  it. 
I>alcToa,  in  particular,  another  correction  is  necesKUy;  it 

•  Tb*  puB^aph  ud  tb«  UU*  ban  bwo  sMsd  bjr  M.  MutlM. 
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is  that  for  capillarity.  In  oonsecjaence  of  thb  force,  tbe 
barometric  column  is  shorter  than  it  ought  to  be ;  and,  con- 
sequently, it  docs  not  measure  exactly  the  weight  of  the 
atmospheric  column.  In  order  to  make  this  correction,  we 
must  k  now  two  elements :  1  st,  the  interior  diameter  of  the  tube: 
ad,  the  length  of  the  versed-sine  (Jiecke)  of  the  meniscus. 
If  tlie  maker  has  not  taken  care  to  measure  the  interior  dia- 
meter directly,  it  may  be  deduced  from  the  exterior  diame- 
ter :  the  exterior  diameter  is  first  measured  by  callipen. 
and,  by  deducting  from  this  diameter  2"»*,S  for  tubes  ei^t 
or  ten  millimetres  in  external  diameter,  and  2**,5  for  those 
ten  or  twelve  millimetres  in  external  diameter,  we  have  an 
approximation  to  the  interior  diameter  of  the  tube. 

To  know  the  length  of  the  versed-sine  of  the  menisens, 
the  slide  b  h*  h"  b"  (pi.  n.Jig.  0)  is  so  placed,  that  the  edge  aw 
is  tangent  to  the  summit  of  the  menisens;  the  point  of  the 
scale  corresponding  to  this  is  noticed;  the  slide  is  then 
lowered  until  the  edge  n  m  coincides  with  the  base  of  the 
meniscus ;  this  point  of  the  scale  is  also  noticed.  By  re- 
peating this  oi)oration  ten  or  twenty  times  in  succession,  we 
obtain  for  the  length  of  the  versed-sine  a  mean  value,  which 
is  quite  exact  enough. 

Knowing  the  radius  of  the  tubes  and  the  lencth  of  the 
versed -sine  of  tbe  meniscus,  it  is  easy  to  know  wnat  is  the 
corresjjonding  caj>illary  depression  by  making  use  of  the  fol- 
lowing table.  Thus : — suppose  the  radius  of  the  tube  is 
ei^ual  to  four  millimetres,  and  the  versed-sine  of  the  menis- 
cus 0""»,8.  I  look  for  4,0  in  the  tirst  column,  and  0,8  in 
the  first  horizontal  line.  At  the  point  where  the  vertical 
colunui,  corresi)onding  to  the  radius  of  the  tubes,  meets  the 
horizontal  line  corresponding  to  the  vcrscd-sinc,  the  num- 
Imjf  0,4.>  is  found.  Tliis  must  be  added  to  the  barometric 
column,  in  order  to  correct  the  error  for  capillary  depres- 
sion, and  to  have  exactly  the  weight  of  the  atmospheric 
column.* 

*  M.  IUavai>  liii5  sliemi  tliat  capillarr  depremon  may  be  calculated  a* 
a  function  of  the  angle  of  incideDce  of  the  meniMiu  <m  the  Rlaaa.  and  of  the 
railiut  of  thi>  lianunotric  tube.  The  table  euustructcd  by  hGn  with  hit  for- 
mula ilitfers  very  little  from  the  folloving,  which  M.  Dklcko*  baa  caka- 
latctl.  by  hul|i  of  the  forniulip  of  M.  ScuLClUMACUEE  ( Vide  Ammaiet  dt  Ckim, 
.'*  «/i"  7*Ayj.,  3d  «eriejs  t.  ▼.  1842). 
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DIURNAXi    VARIATIONS   OF  THB   BASO] 

— ^We  are  aware  that  in  our  climates  the  barometric  eolnmn 
is  incessantly  oscillating.  These  irregular  owrillatinns^  which, 
beyond  the  tropics,  are  connected  with  the  state  of  the 
atmosphere,  depend  on  the  geographical  positioa  of  the 
place;  they  are  more  marked  as  we  recede  ftuther  from 
the  equator.  ^Vithin  the  tropics  the  state  of  the  atmo- 
sphere has  very  little  influence  over  the  barometer.  K, 
tncrcfore,  we  observe  the  instrument  hourly  for  one,  or  for 
several  days,  we  shall  remark  r^ular  osciUations,  that  is  to 
say,  the  mercury  will  fall  at  certain  hours  to  rise  again  it 
ot)ier  hours. 

A  dissertation  by  Bealo,  published  in  1666,  shews  thit 
even  then  he  suspected  the  existence  of  this  phenomenon; 
for  he  affirms  that  the  barometer  is  higher  in  the  eTenn^ 
and  in  the  morning  than  it  is  at  mid-day.    Analogoiu  indi* 
cations  are  found  m  voyages  to  equinoctial  countries.    An 
unknown  obser\'er,  who  dwelt  at  Surinam  in  1722,  was  the 
first  to  give  positive  notions  on  this  phenomenon ;  be  says,  thit 
the  barometer  has  two  diurnal  minima  and  two  maxima ;  and 
he  indicated  very  exactly  the  hours  oft  hcsc  extremes,  which  we 
will  term  tropical  hours.     Father  Bondier  studied  the  daily 
oscillations  at  Chandemagor,  in  India,  during  the  year  1740 : 
more  recently,  this  phenomenon  has  been  remarked  by  a 
great  number  of  travellers ;  but  ^I.  do  Humboldt  was  the 
hrst  who  made  vcr}'  exact  observations,  and  who  drew  the 
attention  of  philosophers  to  this  variation.    It  was  import- 
ant to  know  whether  this  phenomenon  exists  also  in  other 
countries.     Clminello  made  an  uninterrupted  series  of  ob- 
servations at  Padua,  from  1778  to  1780;  but  his  work  fell 
into  oblivion.     The  observations  of  ran  Swlnden  in  Hol- 
land, and  of  Hommer  and  PUaer  in  Germany,  left  much  to 
be  desired ;    Ramond,  therefore,  undertook  a  continued 
series;  and  other  meteorologists  imitated  him:   unfortu- 
nately, they  contented  themselves  with  observing  the  baro- 
meter only  three  or  four  times  a-day.    YoUn,  of  Munich, 
made  a  long  succession  of  observations ;  but,  although  they 
clearly  shew  the  law  of  diurnal  oscillations,  we  cannot  con- 
clude anv  thing  concerning  the  extent  of  these  oscillations, 
because  he  did  not  notice  the  temperature  of  the  mercury. 
The  series  made  by  Hallatroem.  at  Abo,  in  Finland,  is  in- 
finitely more  satisfactory:  at  Ilalle,  from  the  commence- 
ment of  1827, 1  have  almost  always  observed  the  barometer 
hourly   from  6  A.ii.  to   10   p.m.      Nenber,  at  Apenrade, 
Lobrmaan,  at  Dresden,  Keller,  at  Kremsmunster,  and  the 
astronomers  of  the  Milan  Observatory,  are  now  making,  or 
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htve  made,  «onie  long  Knes.  The  most  nartbem  point,  for 
which  we  poasen  seTeral  Tears  of  observation^  i«  FeteAbo^, 
where  the  state  of  the  inetrun>ent«  is  observed  ever;  two 
houra.  The  obaervatioiu  made  by  the  Engtiih,  in  their 
voyages  to  the  pole,  unfortntiatelj  leave  imieh  to  be  demed. 

l^e  diumal  oscillations  depend  on  the  geoKisjAical 
podtioD  of  the  place  where  the  wserrations  are  made.  Near 
the  equator  the  differences  between  the  mojrintvn  and  (he 
nu'niniBm  are  very  great ;  and  a  single  day's  obseryationB 
are  sufficient  to  establish  the  eiisteoce  of  these  oeeillations. 
It  is  not  the  same  in  the  high  latitudes ;  not  only  is  the  diur> 
Dal  variation  lesa,  but  it  is  alao  marked  by  irregnlar  oaulla- 
tions.  However,  if  we  follow  the  barometer  for  a  month,  the 
mean  of  the  otMervations  enables  us  to  recognise  the  law; 
it  is  even  appreciable  in  a  period  often  days.  Once,  io  the 
course  of  my  observations,  I  was  unable  to  recoKDiae  it ; 
it  was  during  the  first  eighteen  days  of  the  nimtE  of  De- 
cember, 1833,  which  waa  so  remarkable  tar  disturbaiioes  of 
every  kind.  One  year  of  observations,  therefore,  M  niffi- 
cient  to  establish  the  laws  of  dinmal  variation;  hut  the 
difference  of  seasons  ia  not  easily  recognised  even  in  a  series 
of  twelve  years. 

In  almost  all  the  series  that  we  poaaesi,  obeervations 
have  not  been  made  at  night;  however,  the  hourly  changes 
are  so  regular,  that  the  range  of  the  barometer  by  ni^t 
may  be  deduced  from  that  which  it  follows  during  the  day. 
The  following  table  nresents  the  mean  height  of  the  baro- 
meter forall  Dours  ottbe  day,  and  at  different  latitudea.^— 
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From  unong  the  ^reit  number  of  places,  for  which  I 
posHsi  barometric  senes,  I  have  ehoHen  those  that  have 
wemed  to  me  suited  to  shew  the  law  which  theie  omUIs- 
lioDs  follow;  they  are  comprised  between  the  equator  and 
the  60th  degree  of  north  latitude.  These  numbers  verj 
well  shew  the  laws  of  the  diumol  barometric  variation. 
From  mid-day,  the  barometer  falls  until  3  or5  p.m.,- — the 
moment  when  It  attains  its  minimum ;  it  then  rises,  uid  its 
rruuimura  occurs  between  nine  and  eleven  in  the  evening.  It 
foils  again,  and  a  second  mimmum  is  observed,  about  four 
in  the  morning,  and  a  second  maximrm  about  10  a.m.* 

The  tropical  hours  are  not  the  same  in  all  countries ; 
but  this  ditlerence  perhaps  only  depends  on  the  want  of 
length  in  certain  series,  which  prevents  the  influence  of 
anomalies  from  entirely  disappearing.  The  general  means 
arc  as  fallows : — 
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Mhummn  of  theeyening 
Maxmntmof         „ 
Mimmmm  of  themomiog 
Maxinmm  of 


4f^    S^ 

10    11 
15    45 

.      .      .    81  ar 

If,  therefore,  an  observer  wbhes  to  know  the 
and  minima  of  atmospheric  pressure,  he  should  make  hk 
observations  at  4  a.m.  and  at  10  p.m.  The  choioe  of  thoe 
hours  is  the  more  to  be  recommended,  as  they  are  thoK^ 
the  thermometric  mean  of  which  is  eqoal  to  the  dnunil 
thermometric  mean. 

TROPICAL   HOUB8    IN   THB    DIFFBRBNT    OAp 

80N8. — ^If  the  geographic  position  appears  without  inihiaifle 
over  the  tropiod  hours,  the  seasons  have  a  yeryVeuiUe 
influence,  which  was  found  in  Cimlnallo's  sezieii  and  wm 
pointed  out  in  a  very  positive  manner  by  Mmmamd^  ny 
series  at  Ilalle  gives  for  the  tropical  instants  the  foUowiif 
moments  in  true  time,  and  in  the  decimal  parts  of  an  hour. 


TROPICAL  UOUR8   OF   DIURNAL  BAROMETRIC   ^ 

ITAXLATIQH 

AT   HALLE. 

MONTHS. 

MINIMUM. 

MAXIMUM. 

BUNIMUM. 

MAriMrx. 

January     . 

2^81 

9^l7 

16^91 

1 
21N91     : 

February   . 

3,43 

9,46 

15,86 

21  ,66     ' 

March    .     . 

3,82 

9,80 

15,87 

22 ,10     j 

Ai)ril     .    . 
May .    .     . 

4,46 

10,27 

15  ,53 

21  ,53      ! 

5,43 

10,93 

15,03 

21  ,13 

June     .     . 

5,20 

10,93 

14,83 

20,73 

July      ,     , 

5,21 

11  ,04 

15,04 

20,48      . 

August .    . 

4,86 

10,66 

15,06 

20,96 

September . 

4,55 

10,45 

15,45 

21,71 

October.    . 

4,17 

10,24 

15,97 

22,07 

November  . 

3,52 

9,85 

16,68 

22,08 

December  . 

3,15 

9,11 

16,91 

22,18 

(Vide  Appendix,^.  23.) 

This  table,  however,  possesses  several  anomalies,  and 
proves  that  a  series  of  observations,  comprising  ten  years,  is 
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not  mffident  m  oar  Imtitndes  to  deteimiDe  rigorously  the 
liopieal  inttants.  The  influence  of  the  seaBons  is  yery 
nanced :  in  winter  the  harometer  attains  its  lowest  pcnnt 
aboot  three  o'clock,  but  in  summer  it  falls  until  five  o'clock 
at  least.  On  the  whole,  during  winter,  the  tropical  moments 
are  nearer  mid-day,  by  about  two  hours ;  they  arrive  later 
in  the  morning  and  sooner  in  the  evening. 

AKPIiITUDB  OF  THE  DIURNAIa  080IIJJkTI0N8. 

— ^The  influence  of  latitude  over  this  amplitude  is  very 
evident.  Let  us  look,  for  example,  for  the  diiference  between 
the  height  of  the  barometer  at  10  a.m.  and  at  4  p.m.  ;  we 
•hall  find  2"»,39,  as  the  mean  at  Cumana  and  La  Guayra ; 
and  at  Peterrimrg  and  Abo,  0°"",113,  that  is  about  ^th 
the  extent  of  the  oscillations  near  the  cfjnator.  The  opinions 
of  meteorologists  on  the  manner  in  which  these  comparisons 
ought  to  be  established  arc  divided :  M.  do  Hmnboldl  takes 
the  difference  of  the  two  extremes  of  morning  and  evening, 
and  neglects  the  others ;  others  consider  the  four  extremes, 
and  take  the  difference  between  the  highest  maximum  and 
the  lowest  minhnvm.  These  two  m«d)ods  appear  to  me 
incorrect ;  and  I  have  perceived  that,  by  thus  neglecting  the 
two  extremes,  the  accidental  variations  are  not  sufliciently 
eliminated.  Suppose,  for  instance,  that  the  barometer  falls 
rapidly  between  10  a.  m.  and  4  p.  m.  The  difference  between 
the  two  observed  extremes  will  be  too  great;  but,  for 
the  verv  reason  that  it  has  fallen  rapidly  during  the  day,  it 
will  fall  less  during  the  night;  and,  by  subtracting  the 
mean  of  the  minima  from  that  of  the  maxima^  we  shall  find 
•  quantity  that  will  approach  much  nearer  to  the  truth :  we 
will  name  this  difference  the  diurnal  oscillation. 

Before  examining  the  extent  of  the  mean  diurnal  oscil- 
lation in  different  regions,  I  must  mention  certain  important 
points,  which  we  must  not  lose  sight  of,  in  comparing  these 
quantities  with  each  other.  In  our  climates,  the  season  has 
an  influence  over  the  diurnal  oscillation,  and  even  within 
the  tropics  it  is  less  during  the  rainy  season ;  at  least,  such 
seems  to  be  the  result  of  the  few  observations  that  have 
been  made  in  India.  Ranond  was  the  first  to  point  out 
this  fact,  which  has  since  been  established  by  a  great  many 
observers ;  but,  in  order  to  obtain  exact  numbers,  wc  must 
calculate  series  comprising  a  great  number  of  years.  For, 
if  it  is  very  certain  that  in  winter  the  diurnal  oscillation 
arrives  at  its  minimum,  there  is  some  doubt  renuuninff  as  to 
the  season  at  which  it  reaches  its  maximum ;  some  place  it 
in  summer,  others  in  autumn,  some  even  in  spring.    As  my 
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observations  oomprifle  a  loDff  aeries,  I  haTe  vedueed  them  to 
three  yean  of  the  AClan  Obaenratoiy.  It  »  nmclL  to  be 
regretted  that  HaUotroem  has  not  yet  paUkhed  the  leriei 
that  he  made  at  Abo  and  at  Helaii^fbn ;  they  would  lad 
to  important  concluaiona. 


ME  All   Divas  AI<  OSCIUiATIOH  OV  THX  BABO: 


MONTHS. 

1 

HALLB. 

XII.AH. 

1 

1 
1 

mm. 

nm. 

'-  January  .    .    . 

0,393 

0,738 

,  February 

0,476 

0,718 

i  Alareh.    . 

0,488 

0,871 

'  April   .    . 
Miy     .    . 

0,509 

0,871 

0,546 

0,801 

June    .    . 

0,557 

0,961 

July    . 

0,566 

0,952 

August 

0,569 

0,812 

September    , 

0,546 

0,817 

October    .    , 

0,566 

0,745 

November 

0,426 

0,727 

1  December     .    . 

0,363 

0,700 

(  Vide  Appendix,  fiff.  24.) 

The  influence  of  se&<«on  becomes  evident  in  this  table :  ia 
^vinter,  the  diurnal  oscillation  attains  its  minimum  ;  it  con- 
tuiues  augmenting  till  summer,  when  it  attains  its  marnmm. 
Ilulle  and  Milan  follow  the  same  law :  but  the  anomalies 
that  wc  observed,  on  calculating  the  mean  oscillation  for 
these  two  towns,  prove  that  even  decennial  series  are  too 
short. 

In  order  to  know  the  mean  diurnal  oscillation  of  the 
barometer,  the  observations  must  embrace  at  least  one  year ; 
the  height  above  the  level  of  the  sea  has  also  a  great  in- 
fluence. Daniel!  \i'as  the  first  to  remark  that  the  barometer 
of  the  great  St.  Bernard  was  of^en  higher  in  the  afternoon 
than  in  the  morning,  whilst  the  contrary  was  the  case  at 
Geneva.  A  series  of  corresponding  observations  made  by 
^I.  Eschtnaim  on  the  Rigi,  and  M.  Homer  at  Zurich,  lead 
to  the  same  result.  I  here  give  a  series  of  horary  observa- 
tions corresponding  to  those  of  Zurich,  and  made  by  myself 
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on  the  Bigi,  and  on  the  FKulbom ;  the  observatioiiB  of  the 
boon  IO«nd  17  were  foand  bj  interpolation.* 


id  Milt  OP  ti 
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ill  die  tbe  Ubl 


»„ 

lUCHTl. 

1U9. 

ISM. 

Uld 

■'•"-"■■ 

lud 

Genenl 

nun 

mm. 

mm. 

mm 

nun. 

mm. 

HTji 

M6.U 

M4,OT 

SH.H 

mJmI 

»6M4 

MI.IO 

1SS.*4 

S6«^9 

M^lwr 

1S»W* 

Mllsi 

SilMl 

UI.U: 

U3,K 

6M3JI 

MMl 

M4.98 

)»6.0fl 

MS.SS. 

smItsI 

iMS.M 

IS 

UD.U 

S5S.M 

M9.63 

»M^4 

U44] 

w 

iS'd 

MtfiO 

Mi'.W 

moIm 

"  "  "■ 

(File  Appendix, ./If.  91 
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lU  111  the  double  t 


MiniUL  TAXUnon  or  T 


DBPM- 

^ 



«o.«. 

BUSICH 

UOI. 

BITCM. 

ECBICU 

aoiir. 

»nm 

mm 

mm 

lom. 

oua 

^ 

_ 

720+ 

610+ 

100+ 

730+ 

S50+ 

170+ 

Noon 

4,08 

4,36 

9,72 

M8 

7,88 

3.70 

I 

3,92 

4,37 

9,S7 

1,23 

r,7a 

S,SO 

2 

3,82 

4,38 

9,44 

0,99 

7,66 

3,3s 

3 

3,72 

4,34 

9,38 

0,71 

7.59 

3.11 

4 

3,63 

4,3-1 

9,30 

0,64 

7.50 

3,15 

3 

3.61 

4,30 

9,31 

0,76 

7.49 

8.27 

0 

3,76 

4,38 

9,38 

0,92 

7JII 

3,41 

7 

3,93 

4,40 

9,57 

1.21 

7.41 

3,80 

R 

4,22 

4,57 

9,87 

1,52 

7.43 

4,10 

9 

4,5J 

4,70 

9,85 

1,72 

7.44 

4,27 

10 

4,G1 

4,72 

9,90 

1,79 

7.41 

4,39 

11 

4.68 

4,68 

10,00 

1,77 

7,86 

4,41 

Mldnieht 

4,58 

4,-58 

10,01 

1,72 

7,28 

4.« 

13 

4,43 

4,45 

9,99 

1.63 

7,19 

4,45 

14 

4,28 

4,30 

9,98 

1,54 

7,08 

4,47 

15 

4,19 

4,17 

10,03 

1,31 

6,96 

4,35 

16 

4,]  8 

4,00 

10,10 

1,54 

6,90 

4,65 

17 

4,25 

4,a3 

10,23 

1,66 

6,90 

4,76 

18 

4,31 

4,03 

10,28 

1,79 

7,05 

4,76 

19 

4,38 

4,05 

10,33 

1,97 

7,16 

4.80 

20 

4,41 

4.13 

10,26 

2,13 

7.36 

4,77 

21 

4,38 

4,16 

10,22 

2,20 

7,62 

4jr 

sa 

4,29 

4,23 

10,06 

2,12 

7,89 

4,84 

2.1 

4,19 

4,34 

9,BG 

1,87 

7,99 

3,97 

(Vide  Appendix,^.  26.) 

These  correspondent  obRervntions  shew  that  the  Uws  of 
diiimnl  variation  change  us  we  osrend  in  the  atmosphere. 
At  Zurich,  the  harometer  falls  from  mid-day  to  S  p.m.;  we 
find  an  analogous  change  on  thcKigi;  but  the  oscillations  are 
smaller,  and  the  difftrtnec  between  the  two  barometcrt  con- 
tinues diminishing,  and  attains  its  maximvm  between  three 
and  four  o'clock ;  the  two  barometers  then  rise,  hul  that  of 
Zurich  much  more  than  that  of  the  Rigi,  and  the  difference 
between  the  two  barometers  increases.    During  the  night 
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dliiiiiiMbw  nnifamly  at  Hm  two 
and  tbo  aMiBnBce  bctwoen  the  two  buometen  re- 
eoMteat  However,  the  moniiog  mudmMm  falls  at 
Snidi  hetweeu  three  and  fbiir  o'clock,  imd  on  the  Bigi  be- 
tWBOB  fire  md  tax:  the  barometer  then  rues  miieh  more  at 
Sniah  than  on  the  Rigi ;  at  Zurich,  the  aHttdMOR  is  at 
about  eiffht  o'doek  in  the  morning;  on  the  Rigi  the  column 
nmntenrnpCedly  nntil  aboat  mid-^y.  Tlw  corre- 
obaervatioDa  at  the  Facdhom  lead  to  the  same  re- 

i;  toe  tronieal  hoora  difier ;  and  while,  in  the  evemnff, 

tbft  dttfenoee  between  the  two  barometers  of  the  moontam 
tlw  Talkjr  hi  17S-",02,  it  is  174-»,82  in  the  monung. 
In  OBder  to  appreebte  the  influence  of  heisht,  let  us 
the  mean  barometric  oscillation;  let  us  look 
far  the  two  aiirina  and  the  two  magama  of  Zuneh,  and  de- 
dnctthe  mean  wnUmimn  from  the  mean muuimmm,  Letus 
then  eonrider  what  was  the  barometric  height  of  the  upper 
■talion  at  the  tropical  hours  of  the  lower,  and  subtract  the 
mean  from  the  hour  of  the  maxima.  The  correspondents  of 
Zvrieh  and  the  Faulhom  will  serve  us  to  construct  the  fol-* 
kmii^  table: — 


Houna  or  tbb 


SMAIXBST  AHD  GKRATSST  HEIGHT  Or  THE 
BAEOMETSB  AT  ZDBICH  AMD  OH  THE  BIQI. 


BAEOMBTBIC 

HOUBS. 

ZUKICB. 

BlGI. 

HBIOHT. 

nun. 

Minimum   . 

4*,88 

723,62 

614,31 

Mayimwin    . 

10,70 

724,68 

614,71 

Minimum   . 

15,53 

724,18 

614,03 

Maximum  . 

19,67 

724,41 

614,10 

At  Zurich,  the  difference  between  the  mean  maxima  and 
is  0"»,644 ;  on  the  Rigi,  it  is  only  0"*",237.  Simul- 
taneous observations  at  Geneva  and  Zurich  give  us  the 
mean  diurnal  oscillation,  0^",897 ;  whUst  on  the  Faulhom 
the  eorretpondmg  difference  was  <mly  0*",268.  Thus,  at  a 
certain  elevation  above  the  level  of  the  sea,  the  diurnal 
oacfllation  would  be  null.  In  1883,  during  my  stay  on  the 
Fanlhom,  the  weather  was  constantly  very  bad ;  the  mean 
dinmal  oscillation  at  Berne,  Basle,  Geneva,  and  Zurich, 
was  0"*,656 ;  on  the  Faulhom,  the  corresponding  difference 
was  0*",178 :  whilst,  in  the  plain,  the  barometer  fell  from 


wst 
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the  maximum  of  nine  o'clock  in  the  monung,  to  the 
of  three  o'clock  in  the  evening;  about  0"^,68 ;  it  nne » 
the  Faulhom  from  550»,83  to  551»,I2,  that  i%  iboot 
0"'>,29;  thus,  then,  the  phenomenon  was  the  rerene  on 
the  mountain.  Whilst  on  the  plain  the  banmeter  giBDe- 
ndly  falls  during  the  day,  it  does  the  contrary  on  an  eie- 
vated  summit. 

If  we  examine  the  mean  diurnal  oscillation  at  difTeRtt 
points  of  the  terrestrial  surfiice,  we  shaU  have  a  oorrectkn 
to  make  in  order  to  reduce  these  points  to  the  level  of  the 
sea.  The  observations  made  on  the  Alps  supply  us  with  the 
elements  of  this  correction.  Jjet  us  admit  tnat  on  the  ses- 
shore  the  barometer  is  at  761*",33 ;  let  D  be  the  meu 
oscillation :  let  us  ascend  without  changing  latitude,  aad 
suppose  that  the  barometer  is  at  6  nullunetres  bekm 
761""",«S5,  the  diurnal  variation  will  be  dj  and  we  shall  have 
the  equation 

rf=D— a.6. 

a  being  a  coefficient  to  be  determined  by  observation,  the 
series  made  in  183*2  on  the  Rigi,  compared  with  that  of  Zd- 
rich,  gives  us  the  value  of  a 

a  •=,  0,003694 ; 

that  made  in  1833  on  the  same  summit,  compared  with  those 
of  Basle,  Berne,  and  Zurich,  gives 

a  zz  0,003986 ; 

that  of  the  Faulhom,  in  1832,  compared  with  Geneva  and 
Zurich,  gives 

azz  0,003674; 

finally,  the  scries  of  1 833  on  the  same  mountain,  compared 
with  those  of  I^sle.  Berne,  Geneva,  and  Zurich,  gives 

a  =  0,002758 ; 

a  scries  made  by  Buckwalder  on  the  Sentis,  and  by  Horacr 
at  Zurich, 

a  z=  0,003630 ; 

the  observations  of  de  Sanssure  on  the  Col  du  Geant,  com- 
pared with  those  of  Geneva  and  Chaumouni, 

a  z=L  0,004053 ; 

those  made  in  the  winter  Y)y  Eschmann  on  the  Rigi,  corre- 
sponding to  those  at  Zuridi,  give 

0  =  0,002356; 
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{tlTe  admll  that  in  the  Alps  the  value  of  thk  ooeffieient  is 

a  zi  0,003507. 

,  ftom  a  aompariton  of  teiiea  made  at  Halle,  Dresden,  Jena, 
23t£Mi,  Getha,  Freyberg,  and  Altenberg,  we  de- 


a  1=  0,003628 ; 
of  many  points  in  tropical  America  g^ve 

a  =  0,002441. 
w  ahaU  theidfare  adopt  the  mean  of  all  these  values, 


a  =  0,003413. 

Ttan^  then,  in  order  to  reduce  the  diurnal  observations  to 
the  level  of  the  sea,  we  shall  first  seek  the  difference  between 
the  mean  maxima  and  minma ;  we  then  multiply  the  num- 
ber of  ndllimeties  which  the  barometer  is  below  76]"»,35 
by  0^008413,  and  we  add  this  product  to  the  difference 
femid.* 

MXAH    DimtNAXi   VARIATION   AT    DIFFERENT 

k— The  following  table  gives  the  size  of  the 


*  TIm  proeiM  empli^ed  by  the  author,  for  correcting  the  yalue  of  the 
~  OTdUatlon.  doai  not  appear  to  be  enth^  free  flmn  ohlection :  d  is 
tt«  dhnma]  Tarlatlon  on  the  mountain,  and  D  um  diomal  Tanation  on  the 
■1  ahcrii ;  lit  iit»  in  additioD,  take  H  fbr  the  mean  height  of  the  barometer 
OD  the  moontaln,  ezpreaaed  in  mUlimetres.  H.  Kaxkts  ertabUahee  the  fol- 
kwfaBcrtktlon^- 

4  =  D  -  0,00841s  (760  —  H). 

The  flwior  (7S0  —  H)  ia  repreaented  by  ft  in  BL  Kabrs's  calculation. 
Bt  what  do  4  and  D  repreient?  We  must  not  miatake  this:  theoequanti- 
tka  npnaant  the  mean  ilae  from  4  to  10  o'clock,  in  the  higher  and  lower 
Hittoni  Take,  tor  example,  the  barometric  obeerratlona  at  the  Fanlhom 
(•Mr  thataUe  In  the  preceding  note);  we  hare 

M431  +  M5.0S       6M,91  +  554,S6 
4  = ■ =:0«SS8S 

t  a 

760  -  H  =  S06  •-. 

niereftire  D  =  O^MS  +  0,70  =  0"",965. 

TUa  It  the  Tahie  of  Ar  oteiOatkm  at  Ike  $ethMkore,  dedneed  from  the  tor- 
■Mla.  Bat.  Inatead  of  openrtfaig  thai,  BLKahos  takea  fbr  the  value  of  tf 
the  eaecM  of  the  mean  maximmm  over  the  mean  iminimumi  ao  that,  in  the 
eaae  beAnre  na,  aooordtaig  to  M.  KAnrni^  rule,  we  ihonld  have  ftmnd 

6M,9S  -t-  685,00       56439  •¥  554,99 

d  = — =  0-MO. 

s  % 

Whence  D  =  0,40  -t-  0^70  =  1*",10. 
ThH^  after  all,  if  wewiditocmplojthemode  of  rednetlon  propoaed  by 
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mean  dinrnal  oflcillation  deduced  fhmi  m  grater  or  ks 
number  of  obscn-ations.  The  second  column  indicates  tbe 
latitude ;  the  third,  the  mean  height  of  the  barometer ;  tbe 
fourth,  the  observeid  diurnal  variation ;  the  fifth,  the  dinraal 
variation  reduced  to  the  level  of  the  sea,  from  the  fbnnnb 
that  we  have  given. 


M.  Kaemtz,  and  tbe  coetAcieiit  0/K>34ia,  we  mnt  mMair«  tlM  bimb  bii*- 
metric  oscillation  by  iwing  the  fixed  terms  4h.  Idh.  I€h.  and  Stt^  ctm 
though  theatj  terms  should  not  exactly  coincide  with  the  epochs  of  maiitm 
and  mtHtma. 

We  should  remaric  that,  by  thns  meatnring  the  mean  oirilUtlna,  the  valM 
obtained  may  be  any  thing  but  an  exact  repreeentatioD  of  tbe  ampBiude  of 
the  curve  of  diurnal  rariation.  Let  us,  indeed,  conceiTe  tliat,  by 
or  other,  the  primitire  curre,  the  epochs  of  vhoee  maxima  and 


diate  houn,  4,  10, 16,  and  22,  the  barometer  wDl  be  aomevkat 

mean  state ;  the  four  relative  readings  at  these  hours  will  be  the  i 

the  quantity  </.  de<luced  fhim  the  comparison  of  the  fixedtenna  4, 10, 16,  aal 

32,  will  become  nought.    Yet   the  amplitude  of  the  cnrre  wiU  not  lam 

changed ;  there  will  merely  have  been  a  displacement  at  the  eritleal  heaix 

S(i  that  the  employment  of  fixed  terms  i*  Insufficient  to  enable  us  to  a|^ 
preciato  the  true  amplitude,  by  calling  M  the  flrvt  maximum ;  M'  the  leeaol 
vuuimnm;  m  the  flrvt  minimnam;  m'  the  second  mumimmim.  The  f|iiBntil; 
represented  by  the  formula, 

M  +  M'       «  +  m* 


fhHIls  these  conditions  much  better ;  but  it  is  defective  when  the  mi 
of  4  r.M.  so  approaches  the  preceding  OTArrniarm  that  their  existence  isrtn- 
dercd  problematical ;  this  happens  in  our  climates  at  an  elevation  of  300P 
metres  above  the  sea. 

This  inconvenience  might  be  obviated  by  agreeing  to  compare  the  mati' 
mttm  of  10  P.M.  with  the  mtniMmm  that  occurs  between  3  and  6  a.m.,  and 
castting  a^ide  the  other  two  epochs.  M.  A.  Baavais  proposed  {Jomrmat  dr 
1* Institute  ann6e  I94'J.  p.  309)  to  measure  the  mean  mmplitmtle  of  the  dinmil 
variation  o(  a  given  place,  by  taking  the  mean  of  the  squares  <xf  the  diffR^ 
enco«  between  the  variable  hourly  readings,  and  the  mean  reading  that  ta 
con9tant  :  this  amplitude  is  then  made  equiJ  to  the  square  root  of  tm  mean. 
By  operating  thus,  we  find,  at  about  the  4<ith  degree  of  latitude^ 

At  400  metres  above  the  sea     d  =  0«is4Q 
2700        ,.  „  d  -  0—,38. 

And  the  formula  that  will  express  the  extinction  of  the  amplitade,  as  w«  ■•- 
ccnd,  will  be 

d  =  D  -  0,0007  (760-H). 

In  the  nme  manner  we  might  put  into  a  formula  the  law  aooording  to 
which  the  meaH  aihplitudc  of  the  diurnal  thermometric  variation 
as  the  observer  ascends  above  the  level  of  the  sea.— M. 
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(Mcn-uTioH  <: 


„„J 

OBCILUnOR.  1 

PLiCM. 

LATITUOE. 

Calni- 

Hn>ed. 

ItMd. 

Dm 

mm. 

Lima 

la"  3S. 

741,72 

2,71 

2,78 

CiTBceat     .     . 

10  31    N. 

681,94 

2,17 

2,44 

Payte    .     .    . 

5    6  S. 

757,96 

2,08 

2,08 

St..  Fede  Bogota 

4  S«  N. 

759,80 

2,01 

3,68 

Ib«gue   .    .    . 

4  98 

638.70 

1,92 

2,37 

Popayan      .     . 

a  26 

618,10 

1,92 

2,41 

La  Guayra 

10  38 

759,3] 

1,89 

1,90 

Calcutta      .    . 

22  SJS 

738,86 

1,84 

1,85 

CbIIbo    .     .    . 

12    3  S. 

759,76 

1,84 

1,84 

Cumuia      .    . 

10  28   N. 

756,15 

1,78 

1,80 

Gruvt  Ocean    . 

0    0 

1,71 

1>I 

Kio-JaDeira     . 

22  34   S. 

764,95 

1,70 

1,70 

Chittledroog    . 

14  n  N. 

693,02 

1,65 

1,80 

Tahiti     .    .    . 

17  29  S. 

761,34 

1.64 

1,64 

Mexico  .     .     . 

10  26  N. 

383,13 

1,39 

2,20 

Great  Ocean     . 

16     0   S. 

1,55 

1,55 

Sierra  Leone  . 

8  ao  N. 

754,34 

1,53 

1,37 

Cairo       .     .     . 

30     2 

737,28 

1,54 

1,55 

Quito      .     .     . 

0  13  S. 

353,81 

1,48 

2,19 

Grc-nt  Ocean    . 

38     0  N. 

1,43 

1,43 

Antisona     .    . 

0  33 

470,34 

1,26 

2,23 

Kome      .     .     . 

41  34 

331,24 

0,9B 

1,00 

Basle      .    .    . 

47  34 

738,79 

0,84 

0,92 

Vivien  .    .     . 

44  29 

735,47 

0,84 

8,86 

BrusKls      .    . 

SO  50 

737,06 

0,80 

0,81 

Clermont    .    . 

43  27 

727.96 

0,77 

0,82 

Milan     .    .    . 

iS  28 

732,09 

0,73 

0,78 

Coire      .    .    . 

46  31 

711,04 

0,71 

0,88 

Frankfort -on-lhe 
Maine     .    . 

\ 

50     S 

763,47 

0,71 

0.74 

AmntAdt 

30  30 

734,40 

0,67 

0,76 

Heidelberg      . 

49  25 

756,84 

0,63 

0,63 

Mannheim 

40  29 

750,74 

0,58 

0,61 

Paris      ... 

48  50 

736,61 

0.55 

0,56 

-:  V  -^^r^ 
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PLACES. 


Jena       .     . 
Christiania  . 
Prague   .    . 
Padua     .    . 
Ualle      .     . 
Dresden 
Gotha     .     . 
I  Zittau     .     . 
Munsiter 
Wetzlar 
Apenrade    . 
Berlin     .     . 
Port  Famine 
iVltenberg  . 
Froylnirg     . 
Cracow  .     . 
Dantzic .     . 
Abo  .     .     . 
Edinburgh  . 
Koninsberg 
Petersburg 
Kasan     .     . 


LATITUDE. 


50" 

59 

50 

45 

51 

51 

50 

50 

51 

50 

55 

52 

53 

50 

50 

50 

54 

60 


54 
51) 
55 


56' N. 
55 

5 
24 
29 

7 
56 
52 
58 
32 

3 
33 

38  S. 
45  N. 
55 

4 
21 
27 
55 
42 
56 
48 


MBAN 


749,16 
757,96 
743,97 
756,84 
753,45 
744,42 
730,89 
739,91 
754,80 
743,75 
758,86 
758,63 
750,51 
695,69 
726,15 
742,38 
759,31 
759,55 
746,90 
7G0,S8 
759,31 
758,19 


MXAH  DlClSiXJ 


0,34 
0,34 
0,33 
0,31 
0,30 
0,29 
0,26 
0,21 
0,19 
0,13 
0,12 


17  I 


This  table  shews  in  a  very  evident  manner  that  the  am- 
plitude of  the  oscillations  diminishes  as  we  recede  from  the 
equator.  Is  this  amplitude  the  same  on  the  sea-shore  and 
in  the  interior  of  continents  ?  The  series  hitherto  made  do 
not  enable  us  to  decide  this  question.  We  ¥rill  suppo^  for 
the  present,  that  the  variation  is  the  same  in  equal  mtitudes 
and  heights  of  the  barometer ;  if  we  examine  the  numben 
reduced  to  the  level  of  the  sea,  which  are  found  in  the  last 
column,  and  if  we  deduce  from  them  the  law  of  diumil 
variation  dependent  on  the  latitude,  we  shall  find  that  it  is 
2«"n',28  at  the  equator,  and  that  it  becomes  for  dilSercDt 
latitudes : — 
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I     yraSVAL  TABIATIOII  OP  THB  BABOMBTSB  AT  PIFmniT 

XATlTUJ>a8. 


LATITUJOS. 


YABIATIOR. 


a*  (/ 

2^ 

6   26N. 

2^ 

17  59 

2,08 

SS  56 

1,80 

S9  28 

1,58 

94  26 

1,85 

S9  4 

1,18 

48  84 

0,90 

48  1 

0,67 

52  83 

0,45 

57  17 

0,28 

02  25 

0,00 

(Vide  Appendix,^.  27.) 

Takiiiff  air^  one  of  these  values  as  a  starting-point,  wc 
fad  that  in  tbe  latitude  of  &f  or  70''  the  diurnal  variation 
tgtomea  null ;  and,  on  approaching  still  closer  to  the  pole, 
the  eipranons  of  the  mean  oscillation  become  negative : 
wUeh  HaDstroam  had  already  confirmed  hv  his  ol^rv-a- 
Theie  negative  quantities  signify  tnat  the  mean 
trie  height  is  greater  at  four  than  at  ten  in  the  morn- 
ing and  ereniiif  .  In  tbdr  voyages  to  the  pole,  the  English 
bsre  made  series  fhun  which  nothing  very  positive  can  be 
eoneliided,  their  observations  not  being  sumaently  .brought 
together.  However,  the  longest  series  of  all  those  made  by 
Wmtwr  It  Fdit-Bowen,  73°  14'  north  latitude,  gives,  as  the 
^nmal  Taiiadon,  the  value  —  0"",278,  a  quantity  which 
doea  not  greatly  differ  from  —  0"",384,  fhmished  b^  calcu- 
lation. I  attach,  however,  but  little  importance  to  this  result, 
becMMe  Vany's  observations  leave  mudh  to  be  desired.* 

CMvmmm  or  aia  thb  bakombtkio  osoiiiIiA- 

TI01I9. — There  exist  few  phenomena  on  which  so  many 


is  yiinU/  dwii'i^jiil  midtr  tin  Mint  ei 
«lMli^  It  hM  mil  an  apprtdabto  tbIm  ; 
art  tiri^y  dtupptar,  oetpt  at  tlM  p 


the 

circle 

horiaon, 

barometer 

t  but,  bfjmid  the  polar 

and  H  la  to  be  belitred,  that  It  doea 

pole  ttaaK    At  Boaakopk  ondar  the 
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hvpotheses  have  been  made  as  on  bttromctrie  narillatinBi. 
j}  the  barometer  ia  high  and  the  weather  fine,  or  if  k  h 
low  and  it  rains,  the  instrument  ia  aaid  to  have  pradieiBi 
accurately  the  weather.  But  if^  while  the  barometer  ia  hi|^ 
the  weather  remains  cloudy  or  rainy,  or  if  it  ia  low  diinii| 
fine  weather,  evcr^*  body  cnes  out  against  the  fidelity  of  tlni 
instrument ;  but  it  deserves  neither  the  praises  nor  the  re- 
proaches that  are  addressed  to  it.^  The  barometer  indicats 
the  pressure  of  the  atmosphere ;  it  rises  or  &l]s  according  ai 
it  incrtrases  or  diminishes.  If  these  changes  for  the  moit 
part  coincide  with  the  changes  in  the  weather,  it  does  not 
follow  that  they  arc  intimately  connected  with  them;  this 
coincidence  is  due  to  the  particular  position  of  the  Eun^nn 
continent.  ANHien  we  possess  observations  fkt>m  all  conntria 
on  the  globe,  we  shall  see  that  they  are  a  phenomenoa 
entirely  local. 

About  two  centuries  ago,  a  German  philoaopher,  named 
stnrm,  constructed  an  instrument  which  was  rescned  Irooi 
oblivion  bv  Leslie  and  Rumford ;  it  is  the  differential  ther- 
mometer, which  uidicates  the  difference  of  temperature  be- 


TOth  degrc«  of  latitude,  the  forty  dayv  preceding  the  winter  nolstice.eoBbiMd 
with  the  <abi>ec|uont  furtv  davt,  gaTc  M.  Bbavub  the  foUowing  numbcnai 
the  mean  huurly  height*  of  the  barumeter : — 

XZAX  HOrmLT  BASOMETEIC  UEU'iHTS  AT  BOtEKOP,  191  WIXTEt. 


,    Hotru. 

MOaKIKG. 

mm. 

0 

744.3« 

2 

744.34 

4 

744.^ 

G 

744.13 

H 

744.22 

10 

744,42 

Evmisa. 


I     . 


mm. 
744.30 
744.335 
714.36 
744.31 
744.25 
744,29 


The  law  of  these  numben  i«  almo«t  the  same  aa  at  other  epocfaa  of  the 
year;  but  the  amplitude  of  Tariation  it  ticarcely  equal  to0*«,3.  It  flbUowa 
that  the  |>olar  refi^on*  abo  i»articipate  m  the  great  atmofpberic  tide,  whidi, 
in  proiiagating  it^lf  fnim  oaat  to  we«t  on  the  globe,  produeea  the  pheoo- 
menon  of  diunial  rariatinn. 

The  delay  of  about  two  hoarv,  which  the  eitochs  of  KULrima  and  mniMM 
experience  in  their  arrival,  seem  to  prove  that  the  atmospheric  moTementa, 
then  manifested  beyond  the  polar  circle,  would  be  the  retult  derired  from 
tile  e<|uaturial  atmospheric  wave,  the  northern  part  at  which,  in 
along  the  polar  circle,  would  gradually  put  in  motion  the  nai^boaring 
of  air,  and  would  ultimately  communicate  to  them  iu  progra 
It  does  not  appear  indispensable,  in  order  to  explain  this  pcfflodh 
to  admit  that  a  wave  would  go.  In  propagaiting  itaeli  fimm  the  eqi 
toward  the  poUa*  along  the  nmo  moridian.— M. 
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tvicen  two  points  very  near  together.  Bend  a  tube,  from  two 
to  four  millimetres  in  diameter,  in  two  points  at  right  angles,  so 
that  it  fhall  present  two  branches,  each  terminated  by  a  budl  two 
aentimetres  in  diameter;  then  pour  into  the  tube  a  few 
drops  of  coloured  liquid,  and  close  the  apparatus.  The 
■luul  colunms  of  liquid  will  separate  the  air  contained  in  the 
tube  into  two  parts;  if  the  temperature  of  the  imprisoned 
■IT  is  equal  on  both  sides,  the  liquid  index  will  remain  in  the 
middle.  But  if  one  of  the  balls,  A,  is  heated  while  the  ball 
B  remains  at  the  same  temperature,  the  equilibrium  will  be 
broken,  the  air  contained  in  the  ball  A  ¥rill  expand,  and  the 
index  will  move  toward  the  side  of  the  ball  B.  The  result 
would  have  been  the  same  if  the  ball  B  had  been  cooled, 
while  the  ball  A  remained  at  the  original  temperature. 

The  barometer  is  greatly  analogous  to  this  differential 
thermometer ;  it  points  out  to  us  the  differences  of  tempera- 
ture between  two  places  situated  at  great  distances.  To 
understand  this,  let  us  recall  to  mind  wnat  was  said  respect- 
ing the  origin  of  winds  (p.  32) :  if  the  temperature  were 
uniform  on  the  entire  suriace  of  the  globe,  and  if  the  aerial 
strata  had  the  same  temperature,  the  aerial  ocean  would  be 
always  calm ;  there  would  never  be  any  currents ;  and,  at 
equal  heights,  the  atmospheric  pressure  would  be  every  where 
the  same.  But  as  soon  as  the  region  EF  (pi.  11.^%*.  1)  is 
more  heated,  while  the  regions  A  £  and  F  B  preserve  the 
same  temperature,  one  part  of  the  air  of  the  heated  countries 
passes  above  the  high  regions  of  the  atmosphere,  and  the 
oarometer  must  fall.  If  £  F  preserves  the  same  tempera- 
ture, while  A  £  and  F  B  are  cooled,  the  result  will  be  the 
same;  but  the  atmospheric  pressure  will  increase  in  the 
regions  A  £  and  F  B,  on  account  of  the  mass  of  air  coming 
from  £  F  that  is  added  to  that  pressing  on  them.  Thus,  in 
the  former  case,  the  barometer  will  fall  while  the  thermo- 
meter rises ;  in  the  latter,  the  barometer  will  rise  while  the 
thermometer  falls.  But  here  ai^ain  is  produced  the  uncer- 
tainly which  we  pointed  out  in  respect  to  the  differen- 
tial thermometer ;  for,  while  £F  is  heated,  the  neighbouring 
countries  preserve  their  temperature,  the  barometer  falls  in 
the  region  EF,  and  it  rises  in  the  spaces  A  £  and  FB,  without 
their  temperature  changing.  We  may,  therefore,  sum  up  these 
relations  by  saying :  When  the  barometer  falls  in  a  country ,  it 
ia  because  the  temperature  of  this  country  is  higher  than  that  of 
the  neighbouring  countries^  whether  because  it  is  heated  directly 
vr  because  these  countries  are  cooled;  on  the  contrary ,  the  rise 
of  the  barometer  proves  that  this  country  becomes  colder  than 
those  which  surround  it. 


IS 
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In  order  completely  to  demonitnte  this  tfwocj,  we  ■■! 
have  correspondent  observmtions  at  a  ffreat  number  of  ponli; 
but,  by  observing  the  barometer  and  tnennomeCer  at  a  maffit 
station,  we  soon  see  that  the  thermometer  gencnUy  zmi 
when  the  barometer  falls.  To  disoover  the  law,  we  nnl 
only  seek  how  much  the  thermometer  risei  or  fiJli,  wba 
the'  barometer  falls  or  rises  1,  2,  3"*.  I  have  made  tfaii 
calculation  for  a  great  many  localities;  and  the  following 
table  contains  the  results  obtained.  The  sign  +  tignifo 
that  the  instrument  rises ;  the  sign  —  that  it  ftUs. 


COBBESPONDE!IT  IXVEBSB  OSCILLATIONS  OF  THS  BABO! 

▲KD  THERMOMBTXm. 


OSCILLATION 

or  THE 
DAROMETKR. 


mm. 


CORRBSPOTTDEST  OSCILLATION  OF  THB 
THBRMOMBTSR. 


Bagdad. 


Buda. 


■flO^iV 

♦»         1 

+  13.;>4 

M         1 

+  11/2H 

»» 

+  9,0-2 

«, 

+  6,77 

—3  .92 

4-  4/>l 

—  1  ,39 

+  -2/2(5 

—0,49 

-  2,26 

-hO  ,«;9 

—  4,51 

-1-0,84 

—  6,77 

-hi, 94 

—  9,02 

«• 

—  11,28 

?• 

—  13,54 

»? 

—  15,79 

Vf                1 

— i«,a5 

"           ; 

—22,56 

1 
,1 

-3^42 
—2,55 
— 1  ,76 
—  1  ,15 
—0,87 


Cambridgv. 


»» 

»» 


,» 


—  8%85 

—  5,99 
— 6V3   j    —  2  ,35 

—  3,48 

—  2  ,88 

—  2,35 

—  1  ,56 

—  1  ,00 

—  0,74 


—5  ,59 
—3,19 
— 1  ,86 
-1  ,65 
—0  ,72 


-1-0,51    I    -fO,42 
-fO,68    !    -1-1  ,94 


+2,00 
+2,19 
+  1  ,95 


+2  ,39 
+2,11 
+2  ,78 

+3>0 


+  0  ,20 
+  1  ,11 
+  1,64 
+  2  ,56 
+  3,58 
+  4,31 
+  5,64 
+  7,00 
+10  ,50 


(Vide  Appendix,^.  28.) 


I 


The  places  for  which  wc  have  aJ«ociated  the  results 
have  no  mutual  analo£:>'.  Whilst  Buda  represents  the  cli- 
mate of  continental  Lurope ;  Bagdad,  that  of  the  Asiatic 
continent;  Cambridge,  in  Afassiachusets,  is  situated  on  the 
east  coast  of  America ;  and  Eyafiord,  in  the  island  of  Ice- 
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HbftwitlMliiidiiif  time  diffexenoee  of  diniale  and 
the  kcw  it  Tonfied;  and  the  observatioiis  made  at 
I  de  BcwotA  bj  M.  Bqwatnganlt  itill  fturther  oon- 
i  thenu    Attnoagb  the  abore  table  presents  very  many 
|Midiea»  which  oeeiir  because  the  meteorologkal  series  are 
MiliKirty  yet  the  antaaonisin  of  s^gns  is  apparent ;  and  we 

tenmA  that  the  thermometric  changes  are  greater  as 
Mmnetric oscillations  are  more  extended.  Thesechanges 
iNBjpraHrre  a  eertain  proportionality  among  themselves.* 
'  H^  naj'  eoaTinoe  onrwlveB,  especially  in  winter^  of  the 
wmsBtewjafibM  law,  l^  observing  tne  barometer  far  several 
lagfa^  SLmever,  the  barometer  (oten  suddenly  fidlswtehont 
hsUmnometer  rising;  but  then  we  may  be  sure  that  it  has 
UDan  in  the  ne^bouring  countries. 

Add  to  iliiSi  that  alimMrt  all  meteorological  instruments, 
rliL  the  Taiiei  the  thermometer,  the  hygnmieter,  only  in- 
Bcatci  what  is  going  on  at  the  place  wnere  they  are  sta- 
ioned.  Thus,  although  the  rise  of  the  thermometer  often 
irotres  that  the  air  is  heated,  the  soil  can  sometimes  produce 
i  similar  tHeeX  on  the  instrument.  The  difference  of  level 
letiwBen  Halle  and  the  summit  of  the  Brocken  gives  a  dif- 
hrenee  of  temperature  of  about  4® ;  and  yet,  in  the  severe 
wbUta  of  1837-8,  we  often  saw  that  the  thermometer  of  the 
Biocken  was  e°  or  12^  higher  than  that  of  Halle.  All  the 
ither  instruments  present  similar  indications,  which  fre- 
inently  would  eease  to  be  the  same  at  60  metres  apart; 


*  Vhm  yirt  ehaafct  of  temptntnre  are  gvnermlly  produced  by  ohangee 
\m.  tbm  wfaM;  and  m  we  letter  we  a  marked  inflaenoe  orer  the  barometer, 
N  ■••  beAiirditad  that  the  Tariatkm  of  the  two  instramaits  eamiot  be  tn- 
iModtoBl  of  eadi  other.  U^therefiore,  we  compare  together  the  barometric 
■B  thennoaietric  nrd  of  windi  in  a  certain  locality  on  the  i^be,  we  may 
MVj  efi  f»  •  etriaim  poimtt  the  relatione  which  in  thif  place  ommeet  the 
obeerrstHms  of  tmnperature  and  prenure.  Thla  comparieon  ie 
7  flkvoorable  to  the  law  of  hwene  oteiUatkmti  the  winds  that 
th*  barometer  midM  the  thermometer  rise;  those  which  produce 
Ba  Ms^  atate  of  tha  barometric  column  gito,  at  the  same  time,  the  lowest 


It  is  not  always  so:  in  certain  places  on  the  g^obe.  the  action  of  the 
Is  dIfllMrent.  The  observations  made  near  the  Nortti  Cape  by  the  hy- 
members  of  Uie  Conwniwion  of  the  North,  and  calculated  by  M . 
■BAVAMTflnBish  vs  With  a  nroof  of  this.  Vfhen  the  W  J9.W.  or  tho  north 
■lai  rsplaees  tha  oast  or  we  8  J£.,  blowing  with  a  certain  fcroe,  the  hero- 
■Hlsr  conmienees  to  rise  at  the  rate  of  OM^^Sper  hour,  and  the  thermo- 
■■lar  apsvianesa  a  oorreqModing  change  of  -t'(r,75,  at  least  fbr  the  first  six 
vtwrivthoon.  Iftliawestor8.W.  winds  had  reidaoed  those  same  east  or 
US.  wioda.  the  results  would  have  bean  somewtiat  diflbrenti  the  mean 
binflydaa  of  tha  barometer  would  have  bean  equal  to  0"«,17,and  that  of  thb 
iMmMOMUr  eqaal  to  (f ,6. 

!■  tha  ease  otftica  us,  the  law  i^variatioiu  im  m  amirwrif  direetkm  has  to 

an  tnlhaence  unlhvonrabla  to  It,— that  produced  by  the 

'wliidB.    But,  on  the  other  hand,  there  may  be  great  changes  in 

and  thannometar  wlthoot  the  wind  changing^  ■Ad  It  remains 
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From  the  23d  to  the  29tli,  the  huoncfter  cooilaiidy 
rose  at  Hidle.  The  sky  was  OTereaat;  the  wind  Uew  froB 
the  west,  and,  at  the  same  time,  the  thermometer  ML  We 
find  no  exception  to  this  rule,  except  at  two  o'doek  on  the 
25tb  and  26th,  when  the  thermometer  is  higher  hy  0^4 
than  at  two  o*c1ock  on  the  24th ;  bat  Una  is  becMK  the 
sun  at  last  was  able  to  pierce  the  cloods,  and  make  the 
thermometer  rise.  From  the  27th  to  the  29th,  the  atm»> 
spheric  pressure  diminishes,  and  the  heat  inereaaet;  how- 
ever, on  the  27th,  and  on  the  morning  of  the  S8tb,  there  ii 
a  remarkable  exception,  for  the  cold  increaaed ;  but  the  sky 
was  purer  and  more  serene  daring  this  period  than  we  are 
accustomed  to  see  it  during  this  season ;  the  cooling  wm 
due  to  the  intensitpr  of  radiation.  The  south  wind  pimikd 
in  the  higher  regions  of  the  atmosphere ;  and  the  tamtor 
ture  did  not  fall  so  sensibly  on  tne  Brocken  aa  at  HaDe. 
Furthermore,  on  the  morning  of  the  28th,  when  it  attainsl 
its  minimum  at  Ilalle,  the  thermometer  was  6**  higher  on  the 
Brocken ;  the  radiation  was  probably  less  intense  on  the 
mountain,  and  the  south  wind  raised  the  temperatnre. 

T  might  cite  a  ^reat  number  of  similar  examples.  Ktbe 
bamnK-tor  oscillates  much  without  the  temperature  changing, 
the  R'Ofon  nuist  Ik'  sought  for  in  countries  that  are  far  d» 
tant :  sucli  n  sudden  variation  in  Europe  may  be  explained 
by  great  ruptures  of  equilibrium,  of  which  tie  point  of  de- 
parture may  l)e  found  in  the  centre  of  the  Asiatic  or  Ame- 
rican continent.* 

CAUSE  OF  THE  DIURNAI.  VARIATIONS  OF  TBI 

BAROMETER. — If  it  is  difficult  to  explain  the  irregular 
variations  of  the  barometer,  it  is  still  more  so  to  give  an 
account  of  its  daily  oi^cillations.  Some  philosophers  have 
admitted  an  attraction  of  the  sun  or  moon,  which  would 
determine  atmospheric  tides  analogous  to  those  of  the  sea. 
Although  these  two  phenomena  have  a  certain  relative 
analog}',  the}'  sometimes  ])resent  such  differences,  that  the 
same  explanation  cannot  be  applied  to  them;  for,  if  we 
admit  a  lunar  attraction,  the  moment  of  the  majrimvm  ought 
to  van'  with  the  )x>sitiun  of  the  moon  in  relation  to  the 
meridian,  as  is  ol)9erv<^  with  tides.  Nothing  similar  occurs 
in  the  atmosphere. 

It  is  probable  that  this  phenomenon  is  due  to  the  calorific 

*  Our  reader*,  who  may  desire  to  know  the  derelopcnientcof  M.  KAnm'f 
theory,  will  And  them  in  M.  SoHrMAcnEA'a  Anniudre  for  IS4I.  under  Uie  thle, 
I'fhcr  dm  ZusammenAamg  ztrftckfm  LnftHruck  nmd  tfimdriekhutg.  We  hare 
already  extracted  flrocn  this  memoir  the  coniidcratiuns  of  tbe  poles  of 
porary  cold.    ( I'lUr  p.  163,  note.)— M. 
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mctioD  of  the  sun ;  Bttosnar  iuspected  it,  and  i^ptao*  and 
Bsmimd  have  admitted  this  explaiMtioQ.  Indeed,  so  long 
aa  the  sun  ii  in  our  meridian,  it  heaU  the  portion  of  the 
terrestrial  globe  situated  between  the  places  at  which  it  sets 
and  those  at  which  it  rises  at  that  monieut.  This  heating  is 
\ety  marked,  capeciallv  between  the  meridiuu  indicating 
S  iji.  and  3  P.M.,  while  the  sun  indicates  to  us  mid-day. 
In  this  interval  the  sir  expands,  ascendii,  and  paaiea  into  the 
neighbouring  regions,  and  the  barometer  falls ;  but  it  rises, 
on  the  contrary,  under  the  weight  of  the  masses  of  air  that 
pass  between  the  meridians  or  nine  and  three  o'clock,  and 
tbenfromS'' to21'<  (9  A.u.}.  In  the  last  of  these  spaces  the 
atmosphere  is  less  elevated,  because  the  ooctumal  influence 
is  not  yet  destroyed,  and  the  air  panes  above  it.  At  liTe 
o'clock  the  air  cools,  because  the  heat  of  the  day  has  passed 
away;  this  movement  is  thus  propagated  from  one  country 
to  another.  The  barometer,  therefore,  falls  between  9  a.m. 
and  4  p.m.,  because  the  heat  of  the  day  has  diminished  the 
density  of  the  atmosnhere,  the  height  of  wbicli  is  lees  by  the 
entire  thickness  of  the  strata  that  have  passed  away  toward 
the  neighbouriog  region ;  hence  arise  the  two  daily  maxima 
and  minima.  With  regard  to  the  morning  mitdnrnm,  it  is 
followed,  St  the  east  of  the  place  where  it  occurs,  by  a 
miuimwa  of  temperatiii-c,  and  a  part  of  the  air  of  the  west 
couutries  p»ises  on  this  side ;  and  hence  aiises  the  fall  in 
the  barometer. 

The  influence  of  the  seasons  on  the  phenomenon  is 
easily  cxpUined  in  the  same  manoer.  As  soon  as  the  days 
of  spring  become  longer,  the  minimum  of  morning  temper* 
ature  occurs  earlier,  the  barometric  mmimum  also  approacbea 
toward  midnight.  In  summer,  when  the  differences  of 
temperature    are   greater,   the   diurnal    variation    is    also 

We  cannot  deny  that  more  than  one  difficulty  mnuns 
to  be  resolved.  We  could  not  explain  the  increase  of  oscil- 
latory amplitude,  as  we  recede  from  the  equator,  when  the 
differences  of  the  extremes  of  temperature  are  not  greater 
at  a  mean  than  in  higher  latitudes,  unless  we  admit,  with 
Dsoicii,  that  the  air  not  only  passes  away  in  a  direction 
perpendicular  to  the  meridian,  out  also  parallel  to  it,  aa 
from  the  equator  to  the  pole.  It  is  probable  also  that  the 
amplitude  of  oscillation  must  be  more  feeble  in  the  open 
sea  than  on  the  continents,  where  the  extremes  of  temper- 
ature are  more  marked.  The  very  few  obaervadons  that  we 
possess,  made  within  the  tropica,  seem  to  confirm  this  hypo- 
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thesis,  whilst  those  that  haye  been  eoDeded  in  hlgber  lati- 
tudes are  not  fitvonrable  to  H.* 

M.  ]>«▼•  has  assigned  another  came  to  thcK  ¥ar«tioBi; 
the  pressure  of  the  atmo^here  on  the  bttromefeer  being  eqpil 
to  the  sum  of  the  pressures  of  the  diy  air  and  the  Ti^oor  of 
water,  the  barometric  column  is  eompoaed*  so  to  spak,  of 
two  parts ;  one  corresponding  to  the  air,  iht  oCher  to  iht 
vapour  of  water.  Now,  wben  the  temperatore  xiaeB,  tke 
density  of  the  air  diminishea,  but  the  tension  of  the  Tapour 
increases ;  and  it  is  not  easy  to  determine  the  relatkNM  tbat 
exist  between  the  diurnal  yariations  of  the  thermumeter  aai 
barometer,  by  including  each  of  these  two  infloenees.  To 
obtain  this,  M.  Dora  has  analysed  the  observatioDS  made  hf 
Neuber  at  Apenrade  with  one  of  Daniaoi'o  hygromdcn; 
he  has  calculated  the  tensbn  of  Ti^ur  for  eadi  boor  of 
the  day,  and  has  subtracted  it  ftom  the  bazometric  columm; 
he  also  obtained  the  pressure  of  dry  air,  and  saw  that  then 
was  one  diurnal  maxmwm  and  miiumMm.  In  the  foUowiag 
table  I  give  the  results  obtained  by  M.  Dove,  and  refer 
to  his  memoir  for  the  rest  {Ajuudes  de  I\/ggemdorf^ 
t.  xxii.  p.  231). 

*  CftpUin  LAXAmcHX  having  sent  to  the  Academy  three  large  tiMei  of 
meteorotoglcal  obaerratlons  that  he  made  at  Cherboorg  In  ISSi,  1838.  ani 
1^40,  M.  Aeaoo  found  the  confirmation  of  a  remark  that  he  had  long  rinet 
made  on  the  influence  of  the  wa,  which,  bj  its  vieinttr,  weakena  the  arapB- 
tude  of  the  diurnal  descending  barometric  period  that  is  manifnetied  at  9  ajl 
and  3  r.M.  Nottiing  is  better  suited  to  render  this  influence  crldent  thai 
the  compaiiaon  of  the  obserrations  at  Toaloose  with  thoee  at  MaraeOlee. 

At  Toukmse,  in  north  latitude  43**  26\  the  mercnrlal  oolomn  Ihlb  1*^ 
firom  morning  till  afternoon. 

At  MaraeUles,  43*  17'.  0"3. 

At  Cherbourg.  49"  38'.  according  to  three  Tears  of  obeemtkm,  0"^4. 

At  Paris,  latitude  48^  SC,  from  the  summary  of  obeerratiooa,  0"^. 

At  La  Chapelle.  near  Dieppe.  49"  sy.  M.  Nell  de  BaEacrs  fovoid  onlj 
0"",36.  All  these  results  are  faronrablo  to  M.  KAE]rrx*s  ezplanatioD.  (Vide 
Comptfs  rendu$  de  rAcadimie  de*  Science*,  t.  xiiL  p.  637. 1841.)~M. 


»O.B». 

■tmix. 

B«MKBS, 

A«TL-». 

WIHTBB. 

s..n,.. 

mm 

nun 

mm. 

mm 

mm 

Noon. 

749,06 

744,61 

743,85 

752,90 

754,52 

1 

748.89 

744,43 

743,68 

752,62 

734,38 

748,82 

744,38 

743,61 

752,32 

754.32 

3 

748,85 

744,46 

743,66 

732,30 

754,34 

748,98 

744,67 

743.81 

752,56 

754,44 

S 

749,21 

744,99 

744,39 

732,70 

754,63 

6 

749,49 

743,40 

744,37 

752.74 

734,88 

7 

740,80 

745,88 

744,31 

733,08 

733,13 

8 

730,27 

746,41 

744,36 

753,25 

753,65 

9 

750,35 

740,93 

744,82 

753,34 

753,77 

10 

750,55 

747,41 

744,88 

753,36 

736,02 

11 

750/,7 

747,82 

744,90 

753,30 

756,22 

Midnight 

750,73 

748,11 

744,93 

753,33 

756,36 

13 

730,75 

748,27 

744,96 

753,05 

756,42 

14 

750,73 

748,30 

745,01 

752,94 

736,43 

IS 

750,68 

748,18 

745,08 

752,87 

756,36 

IG 

750.61 

747,94 

745,16 

732,80 

736,24 

17 

750,52 

747,59 

743,21 

752,91 

736,09 

IS 

730,41 

747,16 

745,11 

752,86 

733,88 

19 

750,23 

746,68 

743,13 

753,08 

753,67 

20 

749,88 

746,78 

745,09 

753,13 

735,23 

21 

749,62 

743,69 

744,71 

753.12 

755,18 

■22 

749,36 

743,23 

744,41 

733.03 

754,94 

■23 

749,30 

744,88 

744,12 

752,92 

754,71 

(Vide  Appeiidu,^^.  29.) 

On  considering  the  umual  relations,  we  «ee  that,  at  a 
mean.  Ihe  pressure  of  the  dry  air  is  greatest  about  one 
o'clock  in  the  morniDK ;  it  diminiBhes  from  this  moment,  and 
attains  its  imaimtim  about  two  o'clock  in  the  afternoon.  The 
difference  between  the  two  extremes  is  l"",93.  In  the  dif- 
ferent seasons  this  difference  varies;  thus,  in  summer,  it 
rises  as  high  as  3",6;  the  phenomenon  is  very  well  de- 
duced from  the  diurnal  variations  of  temperature.  When, 
in  the  rooming,  the  temperature  of  the  atmosphere  in- 
creases, its  upper  limit  lisea,  a  part  of  the  higher  strata  paaaes 
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away,  and  the  preMure  dimmishes  nntQ  the  mnmmt  of  the 
greatest  heat  of  the  day;  afterwardii  new  mMNi  of  m 
arrive  from  countries  more  highly  heated,  that  are  situted 
more  to  the  east,  and  the  prevare  n  augmented.  Thk 
single  maxinwm  and  wiijujiwcw  are  also  annnented  hj  the 
vapour  of  water  that  rises  dnrinj;  the  day.  in  the  monung, 
when  the  pressure  of  the  dry  air  diminiahea,  not  only  doei 
the  tension  of  the  vapour  compennte  this  eflfect,  but  it 
makes  the  column  rise ;  and  it  attains  its  wkoimaam  when  the 
pressure  of  the  air  begins  to  diminish.  For  the  sme 
reason,  we  find  a  tnniMiiMi  in  the  morning,  because  the 
diminution  of  the  vapour  of  water,  durine  the  night,  is  moie 
rapid  tlum  the  increase  of  the  pressure  of  the  dry  air. 

It  is  to  be  regretted  that  these  results  are  not  deduced 
from  a  series  of  several  years,  the  more  so  aa  the  observed 
year  was  more  moist  than  usual.  During  the  summer  of 
1837,  in  very  dry  weather,  I  made  observations  at  a  few 
hundred  paces  from  the  Baltic,  and  obtained  results  slightly 
differing ;  those  of  Halle  are  still  more  so,  as  well  as  Hut 
series  of  two  consecutive  months,  made  by  Stieriln  st 
Munster.  The  following  table  contains  the  results  of  se- 
veral years  for  the  months  of  January  and  July  at  Halle, 
and  those  of  StierUn  for  the  end  of  April  and  the  beginning 
of  May,  the  end  of  August  and  the  beginning  of  September: 
the  quantities  from  the  fourth  to  the  seventh  hours  are 
found  by  interpolation  : — 
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OF  BET  AlE,  AT  DIFFBBBlfT  HOUB8,  AT  HAIXE  AND 
AT  MUKSTEB. 


irOTTSA 

HALLE. 

MUNSTEE. 

ttUUsB. 

January. 

July. 

May. 

September. 

mm. 

mm. 

mm. 

mm. 

Koon. 

750,41 

741,75 

745,07 

744,29 

1 

750,18 

741,80 

745,13 

744,39 

2 

750,11 

741,77 

744,91 

744,05 

3 

750,12 

741,74 

744,57 

744,00 

4 

750,22 

741,66 

744,24 

743,85 

5 

750,33 

741,53 

744,29 

743,69 

6 

750,40 

741,44 

743,97 

743,36 

7 

750,48 

741,21 

744,01 

743,61 

8 

750,57 

741,31 

743,95 

743,78 

9 

750,62 

741,52 

M 

»» 

10 

750,65 

741,76 

n 

»» 

11 

750,64 

741,94 

f) 

Midnight 

750,64 

742,13 

>» 

13 

750,59 

742,24 

»» 

14 

750,54 

742,24 

»» 

15 

750,45 

742,16 

»» 

16 

750,37 

742,03 

« 

17 

750,34 

741,87 

n 

18 

750,40 

741,79 

745,18 

744,44 

19 

750,48 

741,59 

745,38 

741,98 

20 

750,58 

741,50 

745,26 

741,85 

21 

750,70 

741,56 

745,36 

741,76 

22 

750,75 

741,69 

745,56 

741,85 

23 

750,63 

741,77 

745,37 

741,91 

These  quantities  differ  greatly  from  those  that  I  deduced 
from  the  observations  at  Apenrade ;  for  in  July  we  find  a 
maximum  at  Halle  a  short  time  after  midnight,  and  the 
pressure  of  the  dry  air  diminishes  until  8  a.m.  ;  it  then  again 
increases,  and  attains  a  new  maximum  at  the  moment  when 
the  sun  passes  the  meridian:  the  minimum  occurs  aboiit 
seven  o*clock  in  the  evening;  the  pressure  then  increases 
again.  The  difference  between  the  extremes  does  not  vary 
more  than  0"'",9  and  l'"'",l ;  consequently  it  is  one-fourth 
of  that  found  for  Apenrade  during  the  summer.    In  January 

e2 
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there  are  two  manpNa,  at  10  A.1I.  and  10  FJi. ;  and  twoaMM, 
at  5  A.M.  and  2  p.m.  The  aeriea  lor  Mviater  nenalaiBfi- 
cate  analogous  laws. 

It  IB  not  probable  that,  in  plaeet  where  diffiifgiiBf  d 
latitudes  is  so  inconsiderable,  the  phenomenoo  ahoold  pn- 
scnt  such  mat  differences ;  for,  when  we  rtudy  the  1ian> 
metric  osdUations  without  sepaiatdr  examming  u 
of  the  air,  and  that  of  the  yaponr  of  wateiii  these  • 
entirely  disappear.  The  anomalies  increase  when  we 
pare  series  xnade  at  great  differences  of  lereL  If  we  woild 
explain  the  great  amplitude  of  diamal  oecillation  in  the 
open  sea,  by  differences  of  tension,  that  would  aappose  t 
variation  in  the  dew-point  of  sevend  degrees ;  now,  the 
observations  of  voyagers  prove  that  the  heat  and  the  tenioB 
of  the  vapour  of  water  vary  but  little  during  the  day  on  the 
surface  of  the  ocean. 

Admitting  the  influence  of  this  sing^  eanae,  we  Rnme 
other  difficulties  also.  It  is  probable  that  the  mean  pm- 
sure  of  the  atmospheric  vapour  of  water,  considered  in  the 
space  of  one  day  or  one  year,  diminishes  with  the  heigbt, 
according  to  the  laws  of  the  tension  of  vapours  m  vacmt. 
Thus,  from  an  observation  made  on  one  point  of  the  verticsl, 
we  may  deduce  approximativcly  the  tension  to  any  he^t; 
but  it  would  not  necessarily  follow  that  this  rule  miffht  be 
applied  to  every  hour  of  the  day  taken  isolately.  As  the 
air  opposes  the  liberation  of  vapours,  it  is  evident  that  they 
are  denser  in  the  morning  at  the  surface  of  the  ground  than 
an  observation  made  at  a  certain  height  would  lead  us  to 
suppose.  So  that,  in  the  plains,  the  dew-point  would  be 
too  nigh,  and  the  pressure  of  vapour  that  we  might  deduoe 
from  it  will  be  neater  than  if  it  were  deduced  m>m  mea- 
sures made  at  different  heights ;  but,  towards  mid-day,  the 
ascending  current  makes  the  vapours  ascend,  and  the  dew- 
point  then  becomes  lower  than  it  would  have  been  according 
to  the  mean  hygrometric  state.  These  facts  are  a  conse- 
quence from  the  observations  I  made  on  the  Alps.  At  the 
sea-shore  these  laws  are  modified,  for  while  the  ascending 
current  raises  the  vapours  the  sea-breeze  is  continually 
bringing  new. 

Whatever  be  the  cause  of  these  oscillations,  their  ampli- 
tude can  never  be  so  great  above  as  below.  Suppose  that, 
in  the  plains,  the  barometer  has  the  same  height  tiiroughont 
the  day,  there  will  be  above  a  variation,  the  laws  of  whidi 
it  would  be  easy  to  deduce ;  for  as  soon  as  the  presence  of 
the  sun  above  the  horizon  expands  the  air  the  latter  ascends, 
and  a  part  of  the  atmosphere  that  was  below  the  elevated 
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itAtion  ri*e*  above  it,  whence  there  iriMS  tn  iDcreaae  of 
pressure  until  the  moment  of  the  greatert  heit.  From  thi* 
moment  the  barometer  &U8  until  the  moment  of  the  mnu- 
tmun  diunuil  tempersturci  which  happen!  next  morning. 
Tbii  period  combmes  with  that  which  takes  place  on  the 
plun,  for  about  mid-daj  the  atmoaphere  become*  lighter 
below  and  above  j  but  thii  diminntion  is  lem  aenaible  ^ve, 
because  of  the  expantion  of  the  entire  atmoapbere:  the 
phenomenon,  therefore,  dependi  ipeciallj  on  the  amplitude 
of  the  variation  in  the  plain.  The  more  we  aaeend  trie  la< 
does  the  barometer  change  from  twenty-two  bourt  to  four 
boura,  and  it  may  happen  that  the  preeanre  nneeuingly 
iucruMea  until  the  moment  of  the  greateat  diurnal  heat,  u 
our  letitudea  thia  interverdon  will  shew  itself  at  a  leaa  bdgbt 
than  within  the  tropica,  where  the  diurnal  oscillations  tn 
much  more  poweri\il. 

MEAN  HEISHT  Or  THB  BAKOMBTSX.  —  Like  88 

we  have  been  able  to  deduce  the  mean  temperatoic  of  a 
place  from  a  few  diurnal  observations,  so  also  can  we  con- 
clude the  mean  height  of  the  barometer  for  a  tolerably 
long  period  of  time,  from  a  few  readings  made  every  day. 
I  have  designedly  said  a  tolerably  long  period,  for,  if  we 
desire  to  obtain  the  mean  preaanre  of  the  air  dnring  the 
day,  the  value  obtained  by  means  of  some  observations  ma^ 
diner  sensibly  from  the  real  mean.  The  mean  barometric 
height  ia  obtained  approximately  by  taking  observations  at 
the  morning  maritmtm  and  the  evening  mt'innRDn.  A  great 
many  meteoroloeists  only  read  the  instmment  at  these  two 
momenta  of  the  day  :  I  cannot  press  too  strongly  upon  tbem 
to  make  several  other  observations  in  the  morning  and 
tkftemoon ;  for  not  only  do  they  obtain  the  mean  pressure 
more  accurately,  but  their  observationB  may  serve  for  study- 
ing (the  irregular  oadllations  of  the  barometer.  Further, 
if  in  any  place  an  observer  ia  encaged  measuring  heights 
by  the  barometer,  two  correspondents  in  the  day  are  not 
sufficient ;  and  that  of  mid-day,  in  particnlar,  always  gives 
differences  of  level  that  are  too  great :  but,  if  observationa 
were  made  four  or  five  times  a-day,  we  might  tben  calcu- 
late the  variation  and  the  mean  pressure,  and  appreciate 
the  eitent  of  irregular  variations.  The  arithmetical  mean 
of  three  observations  made  at  eighteen  hours,  two  hours, 
and  ten  hours,  or,  again,  at  nineteen  hours,  two  houra,  and 
nine  hours,  is  sensibly  equal  to  the  mean  barometric  pres- 
sure, and  the  amplitude  of  the  diurnal  oscillations  may  be 
deduced  from  it.     The  barometer  attains  its  mean  bngbt 
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about  mid-day,  fanmUlj  between  mid-dsy  and  one  o'clock ; 
the  moment  vanes  aoeoiding  to  the  aeaaonib 

HSIGHT   or   THB   BAKOMBTBm  OM   TBM  WMA^ 

OOAVt. — ^This  was  for  a  long  time  thon^  to  be  the  «ne 
in  all  latitudes.  The  numtar  of  oboeiTationB  not  bciiit 
sufficient  to  solve  the  question,  we  trusted  to  theoicCiqS 
consklerations ;  it  was  nid  that  the  condhioni  of  eqdfi- 
brium  of  the  atrial  ocean  did  not  sanction  our  admhling 
unequal  pressure  at  different  latitudes.  It  was  fbi]pttcn 
that  this  assumed  ecjuilibrium  did  not  exist ;  for  if^  m  our 
latitudes,  the  oscillations  due  to  changes  in  the  weather  end 
b^  compensating  each  other,  it  is  not  the  same  wHhin  the 
different  zones ;  the  existence  even  of  tnde-winds  near  the 
equator,  and  west  winds  in  high  latitudes,  is  a  snffideflt 
proof  of  this.  The  ascending  current  that,  in  the  hu^ 
regions,  is  always  directed  toward  the  poles,  drawa  aM^ 
the  air  of  the  equator,  and  the  stronger  pressure  that  resohi 
from  it  leads  the  air  of  the  pole  towara  the  equator,  and 
gives  rise  to  trade- winds.  MM.  Bchouwy  Bnuua,  WTi  i  atksl, 
Mtmcke,  and  Poirsendortf,  have  successively  entered  upoo 
this  subject ;  and,  although  the  influence  of  latitude  is  not 
as  accurately  kno^-n  as  might  be  desired,  yet  we  already 
possess  yery  satisfactory  approximations. 

The  principal  results  to  which  we  have  arrived  are  the 
following : 

Ist.  We  may  admit  that,  at  the  sea-coast,  the  mean 
atmospheric  pressure  is  7G1"",35. 

2d.  At  the  equator,  it  is  not  more  than  758*"*,  or  a  little 
above. 

dd.  At  the  latitude  of  10^  the  pressure  increases,  and 
between  the  dOth  and  40th  degrees  it  attains  its  maxiJmca^ 
for  it  rises  to  762  or  764»»'. 

4th.  Starting  from  this  zone  it  diminishes,  and  about  the 
5th  degree  of  latitude  it  is  no  more  than  760""',  and  in  the 
more  northern  countries  it  descends  to  about  756"".  AVe 
here  give  M.  Bchonw'B  table,  as  it  was  published  by  M. 
Porrendorff  in  the  Comptes  rendus  de  VAcadhmie  dn 
Sciences^  t.  ii.  p.  573.  1836. 


UEIOBT  or  TH 

E  DISOUETEB 

LiTlTCDB 

Klhelevdof 

the  8e>.  It  0*. 

Not  Corrsdrf 

CorrHUd 

for  Q™1[,. 

for  Gnitlj. 

Cape  .    . 

.    33=      8. 

763,01 

762,20 

Rio-Jmeiro 

.    23 

764,03 

762,65 

Cliiistianbu 

rg .      S  Sff  N. 

760,10 

758,16 

Ltt  Guayra 
Saint-Thom 

.     10 

760,17 

758,32 

m.    19 

760,51 

758,95 

Sbcao    . 

.    23 

762,99 

701,61 

Teneriffe 

.     28 

764,21 

763,10 

Uudeim . 

.     32  30 

765,18 

764,34 

Tripoli  . 

.     33 

767,41 

766,60 

Palurmo 

.      38 

762,93 

762,47 

Naplw    . 

.     41 

762,34 

702,06 

FlorenM 

.     43  30 

761,93 

761,81 

AvignoD 

.     44 

762.02 

761,95 

Bologna. 

.     44  30 

762,18 

762,13 

Padua     . 

.     45 

762,18 

762,18 

TariB.     . 

.     49 

761,41 

761,68 

London  . 

.     31   30 

760,96 

761,41 

Altona    . 

.     S3  30 

760,42 

7«I,0I 

Dantiic  . 

.     54  30 

760,10 

760,76 

Konigsbcrg 

.     S4  30 

760,49 

761,14 

Edinburgh 

.     55 

759,39 

760,71 

.    56 

758,25 

759,00 

Chriatiania 

.     60 

758,64 

759,63 

Hardnnger 

.     60 

756,94 

757,04 

Bergen   . 

.     60 

757,01 

758,00 

Godthaab 

.     64 

752,00 

753,20 

.     64 

751,94 

753,13 

Eynfiord. 

.     66 

753,38 

734,89 

Godhaven 

.     68 

753,76 

755,16 

Upenavik 

.     63 

733,18 

756,80 

Welvilte  Is! 

e    .    74  30 

757,08 

738,75 

Spitsbergen 

.    75  30 

756,76 

738,48 
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We  can  nndentand  that,  at  tbe  eqinlor,  fnm  wtitk  te 
air  18  constantly  panng  away,  the  ppuMue  moit be ka;  H 
the  lathnde  of  S0^  whore  the  preHore  attdna  ill  MaaHB^ 
the  upper  aouth-west  trade-wind  eontenda  with  tiie  hmtt 
Dorth-east  trade-wind,  and  an  acciimiilation  of  air,  with  t 
verv  strong  pressore,  is  the  eonaeqnence.* 

\  canned  aceount  for  the  prewure  diminiahing  in  the  hjgk 


latitudes;  for,  by  merdv  paying  attention  to  . 

ture  of  the  earth  and  the  lawa  of  permanoit  gMOk  it 
ought  to  augment  as  we  recede  firom  the  equator:  ci.pttiMBe 
proTcs  the  contrary.  But  I  doubt  whether  we  m^  he  ifak 
to  apply  to  the  entire  atmosphere  the  laws  of  which  we  hm 
spoken,  for  it  is  composed  of  air  and  the  Tapoon  of  wilv: 
now,  the  tension  of  the  yapour  of  water  diminiahw,  and  li 
high  latitudes  it  is  resdlved  into  rain.  The  presnue  of  4tt 
diT  air  alone  increases.  Unfortunately,  we  are  in  want  oft 
suificient  number  of  h  vKrometric  oboerratioiis,  made  at  tf 
furent  latitudes,  to  enai&  us  to  isolate  theae  two  pnwuisi: 
however,  without  any  great  error,  we  may  estimate  the  ta- 


*  M.  Ebmax  (in  hU  roTsite  round  the  world  In  a  ffiwiiBn  Inig; ' 
ti«minet«r,  th«nnc«nieter,  and  liygrometer,  wer«  oteerrvd  riz  UnMs  >dy)L 
baring  <our  time*  trsTelled  in  the  space  comprised  between  the  55th  dipes 
north  latitnd<\  and  the  .V^th  sooth  latitade,  saw  that  the  mean  pnsiwtrf 
the  atmosphere,  correcred  for  the  Intensl^  of  gravity,  is  not  the  hbbs  si 
all  points  of  the  globe,  but  is  found  within  a  narrow  dependence  opoatts 
two  horiaontal  co-ordinates  of  each  point.  This  reenlt  Is  in  like  bmibv 
rerlfled,  whether  we  consider  the  total  pressure  of  all  the  constltnent  pvto 
of  the  atmosphere,  or.  by  making  use  of  hygromctiie  obeerratlona  iasriv 
to  eliminate  the  tension  of  the  aqueous  T^iour,  we  only  oompsure  the  pn^ 
snres  of  the  pennanent  gases. 

Let  us  first  examine  the  influence  of  latitude ;  setting  out  flram  the  COlfc 
degree  of  sooth  latitude,  and  following  the  same  merloUn,  th«  mean  pn^ 
sore*  go  on  sensibly  increasing  to  the  iSXh  degree  of  sooth  latltode,  that  lib 
to  the  limit  of  the  trade-winds.  Prom  this  parsllel  thsy  rsgnlar^  dscrcast 
to  the  equator,  where  they  attain  a  relative  MraaNtan  ;  they  then  Inercsss 
again  to  the  north  limit  of  the  trade-winds.  In  our  hemiq>here,  the  ph^ 
nmncna  are  repeated  in  a  «ymmetiical  manner  as  hi  the  oi^»osttehemii|ihcra. 
Tl>e  difference  of  pressure  at  the  limit  of  the  trade-winds,  fktnn  one  sUs  of 
the  equator  to  the  other,  is  4">*,06.  8ir  J.  HrascHBi.  has  confirmed  tUs 
result  in  his  royage  to  the  Cape  of  Good  Hope.  Setting  out  from  the  bmi^ 
mmm  premore.  which  u  foond  in  altoot  S.S**  of  lathude,  and  diraoting  o« 
course  toward  the  pole,  the  diminution  of  pressore  Is  modi  more  rapid 
than  in  the  tone  of  the  trade-winds.  Thus  the  mean  preesnrea  on  the 
of  Ksmtschatka  and  at  Cape  Horn  are  respectively  lower  than  the 
manmwm  pressure  of  the  Great  Ocean,  by  12— .86,  and  i2"^l8. 
obsenratkms  made  on  the  coast  of  Iceland  ftilly  confirm  this  rsaoU. 

The  mean  pressure  of  the  atmosphere  is,  in  the  second  plaea,  4 
on  the  longltnde.  In  equal  latttudea  it  is  3"«.5  greater  on  the 
Ocean  than  in  the  Pacific.  This  result  was  obtained  bv  the  comparison  of 
observations  made  under  twenty-fimr  difl'erent  parallels,  bearliy  In  mind 
the  influence  of  the  seasons. 

If  we  take  account  of  the  tension  of  the  aqueous  vapour,  the  flnasAMM 
pressure  in  each  hemisphere  recedes  a  little  toward  the  poles;  and  tht 
difl;Brence  between  this  wvuimwm  and  the  equatorial  miktmmm  is  mmtk 
greater,  since  H  rises  to  11m,96.  (Vide  BL  ScHUMACHBli  ifmsMRrr  Jbr 
1840,  p.  396).— M. 
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rion  of  the  Tsponr  of  water  under  the  eqtutor  U  3S"" ;  In 
latitude  33°,  at  14~",6i  and  in  70°,  at  4™,Jt.  By  mbtnct- 
ioB  these  quantities  from  thoae  that  we  found  for  atmo- 
epberic  premire  at  the  eame  ktitud^  we  ihall  obtain,  fbr 
tne   pressure  of  dry  air,  the  following  numbers ;   at  the 

Suator,  733"";  in  latitude  3S°,  748";  and  in  70°,  732". 
IU8,  in  a  general  manner,  the  pressure  diminiahea  lh>m  the 
equator  to  the  pole*.* 

BBIOHT  OF  THB  BAROMBTBH   IN  SIFFBBBNT 

■BAHONS.— It  was  formerly  thought  that  the  length  of  the 
mercurial  column  muvt  be  the  same  in  different  seasom,  and 
its  le«8  height  during  the  spring  was  attributed  to  the  stmo- 

Sihcric  Tsriatious  by  which  this  season  is  charaeteri«d  in 
uropc.    No  account  was  taken  of  the  limited  number  of 
obeervations   of  the   intertropical   dimates   that   we   then 
M.  da  Bud)  was  the  first  to  shew,  that  between 


_._ 1  approaches  tl  .     .     .  .  .  _  . 

these  researches.    The  fbllowing  table  diews  what  the  mean 


a  tka  mHD  tanl  of  tin 


»  fomUhcd  talm  vlth  >  nn  Hr 
le  height  of  thvhftram«t«robBejT*dHcb  d^i  ud  dlTlded  ku 


-^- 

—.r- 

TSJ.9 

S.I17 

'■*^'^^^ 
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pressure  is  in  the  northern  hemifpheie  at  fiur  ai  the  SOCh 
degree  of  Utitude : — 


MEAN  MONTHLY  HEIGHT  OF  TUB   BASOMETBB  BBTWEET  TD 
EQUATOR  AND  THE  SOfH  DBOBEX  OF  HOBTH  lATRTDB. 


MONTHS.       HAVANNAH. 


January 
February 
March 
April  . 
May    . 
June    . 
July    . 
August 
September 
October    .  i 
Novenil>er 
December  ' 


min. 
765,24 
760,15 
760,98 
759,58 
758,19 
760,67 
760,67 
757,33 
757,46 
758,19 
761,25 
763,62 


I 

CALCUTTA.  BENABES. 


KACAO.      CAIBO. 


I     t/:t 


nun. 
764,57 
758,86 
756,24 
753,83 
750,81 
748,10 
747,54 
748,53 
751,85 
755,25 
758,37 
760,59 


755,41 
752,91 
751,19 
747,33 
745,01 
741,13 
740,65 
743,31 
745,98 
750,35 
753,06 
755,57 


767,93  ; 
767,01  • 
766,08  j 
761,93 
761,64  1 
757,31 
757,91 
757,91 
762,22 
763,37 
766,17 
I  768,65 


I    T 


I    1 


76aM0 

759^41 
760,10 
758,33 
754^ 
753,90 
754,06 
756,70 


io9.70 
76a76 
761,82 


{Vide  Appendix, y^.  30.) 

It  is  evident  that,  in  all  places  situated  north  of  the 
equator,  the  pressure  diminishes  from  January,  and  increises 
toward  winter.  At  Calcutta,  where  a  series  of  observatiom 
have  been  made  comprising  eight  years,  and  where  no  acci- 
dental du«turbances  exist,  this  difference  rises  to  more  than 
sixteen  millimetres ;  it  appears  to  be  greater  in  India  than 
in  America,  and  diminishes  as  the  distance  from  the  equator 
increases.  The  following  table  gives  us  these  differences  for 
places  situated  in  high  latitudes : — 


D  60tr  dbokbb  or  hoeth  LXtrrvo*. 


M0HTB8. 

P««. 

•TKABBtlKO. 

B^. 

BKkUH 

mm 

mm 

mm 

mm 

mm 

Juiuary  . 

758,86 

751,62 

734,64 

761,91 

762,54 

February 

759,09 

752,43 

733,44 

761,23 

763,10 

March      . 

756,33 

751,19 

731,62 

739,90 

760,76 

t^' :  : 

755,18 

749,95 

730,98]  737,82 

761,19 

755,61 

750,49 

752,57   759,88 

760,94 

June    .    . 

737,28 

732,16 

752,70   759,81 

739,83 

July    .     . 

756,32 

731,64 

753,27   759,58 

758,25 

August    . 

756,74 

752,03 

752,18   759.02 

759.94 

September 

756,61 

752,59 

733.42   760.53 

761,19 

October    . 

754,42 

751,82 

735,55    761,25 

760,82 

November 

755,73 

751,28 

753,27   759.43 

758,05 

December  1 733,09 

750,70 

754,10  760,35 

760,22 

{Vide  Appendix,,/^.  30.) 

In  tbi»  table  we  igsin  find  that  Ian  by  virtue  of  which 
the  pre>>8urc  is  less  in  satmuer  than  in  vrinter;  at  the  same 
time  a  double  period  is  observed.  Settiag  out  from  wmtcr, 
the  pressure  tuminishea  till  the  equinox;  it  then  increases 
in  summer,  without,  however,  attaining  the  winter  mean: 
traces  of  a  second  minhmon  are  then  found  in  autumn ;  the 
curve  afterwards  ascends  until  winter. 

If  we  would  deduce  fVom  these  numbers  laws  on  the 
stale  of  the  atmosphere,  we  should  first  inquire  whether 
they  could  be  compared  directly;  it  is  evident  that  the 
prcseure  of  the  vapour  of  water  contained  in  the  atmosphere 
must  be  deducted.  For  this  purpose  we  must  hare  hygro- 
metric  observations,  made  at  different  heights  in  the  atmo- 
sphere ;  but,  as  the  resistances  opposed  by  the  air  to  the  rise 
and  fall  of  vapours  arc  reciprocally  destroyed,  we  may  re- 
gard the  numbers  obtained  for  the  tension  of  vapour  at  the 
surface  of  the  ground  as  very  nearly  approaching  th» 
and  may  subtract  the  tensions  of  the  total  preMm 


it  Apenrade,  according  to  M.  Dotc'b 
according  to  my  own  observations;  and  at  St.  Pei 
according  to  those  of  the  Academy.  Howcm. 
remark,  that  in  this  latter  town  the  hygrometr' 
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maoflT  or  ths  ai 


tions  only  comprae  one  year;  thoae  of  tlie 

brace  three.     In  like  manner,  the  hygmmelar  «l  Halk 

vras  not  observed  so  long  as  the  barometer  >— 


MEAN  MOHTHLT  PBBSSUmB  OP  DBT 

LATITUBSS. 


An,  ATimraisiT 


MOMTUS. 

CAI.CUTTA. 

AmmAm. 

HALUk 

P>T>»aa. 

mm. 

mm. 

mm* 

— 

January  . 

750,74 

754,91 

750,47 

759,13 

February 

746,96 

756,90 

748,89 

759,94 

March.    . 

741,47 

752,30 

746,48 

756,38 

April  .    . 
May    .    . 

737,50 

751,44 

744,88 

756,04 

726,72 

749,77 

744,63 

756,09 

June   .    . 

725,29 

748,44 

742y48 

752,59 

July    .    . 

724,84 

745,46 

741,74 

748,71 

August 

725,88 

745,53 

741,45 

750,80 

September 

729,92 

747,09 

748,49 

754,58 

October    . 

735,24 

745,03 

747,90 

755,34 

November 

746,82 

748,01 

747,56 

755,05 

December 

748,96 

749,71 

748,60 

757,51 

Although  these  numbers  still  present  numerous  ano- 
malics,  especially  in  Europe,  because  the  series  of  obserra- 
tions  are  not  sufficiently  long,  yet  they  shew  that  the  pressure 
of  dry  air  attains  its  maximum  in  winter  and  its  miViwnBa  at 
the  period  of  the  greatest  heats.  The  difference  between  theK 
two  extremes  diminishes  as  we  recede  fyx>m  the  equator ;  for, 
if  we  deduct  the  mean  of  the  three  summer  months  firan 
that  of  the  three  winter,  the  difference  is,  for  Calcutta, 
28"»',55 ;  at  Apenrade,  7*",40 ;  at  Halle,  7"»,49 ;  and  at 
St.  Petersburg,  8»"  16. 

If  we  examine  the  pressure  of  the  entire  atmosphere,  this 
period  partly  disappeuis  in  the  high  latitudes :  the  summer 
minimum  differs  from  the  winter  mazimum  by  only  a  small 
number  of  millimetres;  and,  in  the  hot  season,  the  oifferenee 
is  di^ised  by  the  tension  of  the  vapour  of  water.  The 
combmation  of  these  two  pressures  bnngs  a  minnmam  in  the 
spring,  because  the  pressure  of  the  dj^^  air  then  rapidly 
diminishes,  whilst  the  quantity  of  vapour  is  not  vet  very 
considerable.  Traces  of  a  second  minimum  are  xound  in 
autumn,  because  the  quantity  of  the  vapour  of  water  is 
rapidly  diminishing,  whilst  the  pressure  of  the  dry  air  in* 
creases  slowly.  Between  the  tropics  this  period  of  the 
pressure  of  the  dry  air  is  very  marked ;  and,  idUiough  the 
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pmrorc  of  the  Tspotur  increaaes  in  summer,  vet  its  yariations 
ve  not  fluffidently  great  to  dkgnise  those  or  the  dry  air. 

This  fiict,  thai  the  height  of  the  barometer  is  less  in 
■i«»""M»r  than  in  winter,  is  we  consequence  of  causes  already 
emunerated,  namely,  changes  of  pressure ;  and  it  evidently 
shews  the  movements  of  the  atrial  ocean  over  the  whole  sur- 
fiioe  of  Uie  globe ;  not  only  are  these  movements  felt  in 
countries  near  at  hand,  but  even  from  one  pole  to  the  other. 
At  the  period  of  the  equinoxes,  when  the  temperature  all 
Ofcr  the  earth  is  e^ual  to  the  annual  mean,  the  mean  pres- 
nire  of  the  dry  air  is  almost  every  where  observed.  If  the 
•on  advances  toward  the  northern  hemisphere,  the  latter  is 
heated,  while  the  opposite  hemisphere  is  cooled.  A  passage 
of  air  fW>m  the  noithem  to  the  southern  hemisphere,  and 
a  displacement  of  the  trade- winds  toward  the  north,  are  the 
eonaeqiienoe ;  in  other  words,  the  barometer  is  lower  in  the 
bemkphere  where  summer  prevails,  and  higher  in  that 
where  winter  prevails.  The  closer  countries  are  to  the 
limit  where  this  exchange  takes  place,  the  more  marked 
will  the  differences  be.  The  resistance  experienced  by  the 
iir,  at  the  surface  of  the  earth,  will  render  these  effects 
much  less  appreciable  in  countries  at  a  distance  from  this 
limit ;  therefore  it  is,  that  the  differences  between  the  pres- 
mre  of  dry  air  in  summer  and  winter  are  less  in  nigh 
latitades  tlum  under  the  equator.  Further  observations 
will  prove  that,  in  equal  latitudes,  they  are  greater  in  the 
alienor  of  continents  than  on  the  sea-coast. 

This  exchange  is  intimately  connected  with  the  dcpend- 
Boee  which  the  winds  have  on  the  seasons  of  the  year 
(p.  52^,  and  with  the  properties  they  derive  from  them. 
in  spring,  when  the  atmospheric  pressure  approaches  the 
mean,  the  air  is  heated,  and  the  wind  reaches  us  from  north- 
em  countries,  driving  away  the  prevailing  S.W.  wind. 
Henoe  the  equatorial  tempests  and  gales.  This  contest  of 
eold  north  winds  with  warm  south  winds  produces  mix- 
tures of  dry  and  moist  air,  and  variable  weather,  during 
Miiich,  rain,  snow,  and  sleet,  alternate  at  short  intervals, 
with  a  perfectly  dear  sky.  In  the  autumn,  on  the  oon- 
tnurv,  wnen  the  air  comes  from  the  south,  the  south  winds 
preoominate ;  they  pour  upon  the  south  of  Europe  the 
water  with  which  the^  are  charged,  and  reach  us  perfectly 
iiy;  hence  the  beautiful  weather  that  sometimes  prevails 
in  the  middle  of  autumn,  and  which  is  known  in  France 
under  the  name  of  St  MartirCs  nanmer;  in  Germany  it  is 
called  the  summer  of  old  men;  and  in  North  America,  (he 
ImOanitimmer. 


IRBEQULAS  OBCILIJITIONB  OF  THE  I 
TXR.  —  After  having  proved  tht  dependence  existing  be*  ' 
tweea  Ihtxe  great  movcmeDts  of  the  alinosphere  and  Eem- 
peratDrc,  it  will  be  easv  for  us  to  deduce  from  the  same 
cause  tliu  accidental  osculations  of  the  baromulrr;  the  am- 

Silitudc  of  these  irregular  oscillatjona  is  greater  oa  we  recede 
iirthcr  Ironi  tb 

Tlie  study  <  oscillalions,  according  to 

rest  difficulties.  Anoenl 
^tnceo  the  nton'mtini  aod 
rse  of  a  great  raimy  years. 
.  in  order  to  seek  the  dif- 
I  for  emh  month.  It  wh 
caine  \ess  as  the  best  in- 
great  many  yean,  we  end 
uuit  Dumbers,  giving  tb* 
<n  :  v/e  will  cnli  tbis  the 

ipproxiuiate  datum,  but  t 


philosophers  to 

This  tTicthod  vt 
fercnce  bctweei 
obsen-ed  tliat 
creased ;  if  the 
by  finding  for 
mean  atiiplilud 
mean  intmlkiy  m 
are  efficient  fdi  uul 
long  series  alone  can  1 

Although  sutijett  to'ireFH  mixtiivciiiLncis.  thi"  nitlhod 
is  the  only  one  that  can  be  used.  It  supposes,  indeed,  tlul 
the  real  extremes  are  observed,  which  occurs  in  only  a  few 
cases:  thus  the  differences  are  ia  general  too  small  ;  'for  one 
meteorologist,  who  should  notice  the  height  of  the  baro- 
meter more  frequently  than  another,  would  obtain  higher 
means.  However,  as  the  instrument  is  generally  observed 
three  times  a-day,  the  errors  are  ultimately  compensated. 
Another  circumatano;  to  be  noticed  is,  that  no   regard  is 

Said  to  the  regular  diurnal  oscillations:  for,  if  an  acd- 
cntal  atmospheric  disturbance  diminishes  the  pressure,  the 
latter  will  probably  be  still  less  at  the  period  of  the  diurnal 
maiimum  than  if  this  bad  not  occurred. 

The  surest  means  of  attaining  (he  end  consists  in  prefer- 
ring intervals  as  short  as  possible;  we  should  make  observa- 
tiona  every  day  nt  determinate  hours,  and  take  the  differences 
of  an  observation  at  that  hour  of  the  following  day,  which 
corresponds  to  the  same  hour,  and  then  divide  the  sum  of 
these  differences  by  their  number;  we  thus  find  the  ampli- 
tude of  the  diurnal  oscillation,  and  the  mean  of  the  results 
obtained  for  each  month  gives  the  mean  amplitude  of  the 
place.  Further  on,  I  will  communicate  several  results  of 
this  kind. 

CARDS  OF    BAROMETRIC  \iriND8.  — After  having 

discovered  the  pressure  of  the  air,  philosophers  were  not 
"' —  "ti  penx-iving  that  it  varied  according  to  the  state  of 
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liie  ttmosphere,  and  diminished  singularly  daring  storms. 
A  great  many  hypotheses  were  proposed  in  order  to  explain 
these  ^fierences;  all  suppose  tnat  the  air  in  motion  must 
ciercise  a  less  pressure  than  still  air.  But  the  elements  of 
these  researches  are  taken  only  in  Europe,  and  in  stations 
nesr  to  each  other.  If  the  comparison  had  been  made  be- 
tween barometric  observations  made  simultaneously  in  the 
United  States,  in  Europe,  in  Asia,  in  the  polar  regions,  and 
between  the  tropics,  we  should  have  recognised  that  an  ex- 
tnordiDary  fall  m  the  barometer  at  one  point  on  the  surface 
of  the  globe  is  compensated  by  an  extraordinary  rise  on 
mother  point  Thus,  instead  of  asking  why  the  barometer 
k  low  on  the  approach  of  storms,  we  should  have  thought 
that  great  differences  of  preissure  would  bring  about  great 
BkOYements  in  the  aerial  ocean.  We  should  have  seen  that 
things  go  on  in  the  air  as  in  a  mill-pond ;  as  soon  as  the 
slnioe  is  opened,  the  pressure  of  the  water  diminishes  in  this 
pointf  ana  the  water  is  set  in  motion  through  the  whole  ex- 
tent of  the  pond,  but  with  a  rapidity  greater  as  it  is  nearer 
the  sluice. 

In  these  researches  philosophers  succeeded  in  recognising 
that  the  different  winds  had  a  different  action  on  the  pres- 
sare  of  the  air.  However,  z«ambert  was  the  first  who,  in 
1771,  furnished  the  means  of  arriving  at  a  positive  result : 
we  must  choose,  says  he,  a  long  series  of  observations ;  wc 
most  notice  the  height  of  the  barometer  accompanying  each 
wind,  and  determine  the  mean  pressure  correspondmg  to 
each.  Thirty  years  after  this,  Burcklxardt  undertook  a  task 
of  this  kind  for  Paris,  and  Ramond  did  one  for  Clermont, 
in  Auveiime.  In  1818,  M.  de  Bach  studied  these  laws 
fitnn  the  Berlin  observations ;  and,  by  demonstrating  the  in- 
fluence of  each  wind  on  the  aerial  pressure,  and  on  tne  wea- 
ther in  general,  he  raised  the  veil  by  which  these  compli- 
cated relations  are  concealed.  After  him  MM.  Bnch,  Dove, 
Blflenlolur^  Kuiipfer,  Sohouw,  and  Kaemts,  studied  the 
phenomenon  at  different  places  in  Europe ;  so  that  we  can 
now  deduce  the  direction  of  the  wind  from  the  height  of  the 
barometer  with  a  veiy  sufficient  approximation. 

The  following  table  shews  what  the  mean  pressure  of 
the  barometer  is  at  fifteen  places  in  Europe  with  the  eight 
principal  winds: — 
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These  numben  clearly  shew  that  the 
sure  ^-aries  with  the  directum  of  the  wind ;  the 
ever}*  where  very  high  when  the  wind  hlowa  betweoi  the 
cast  and  the  north,  and  very  low  when  it  eomea  fraa  a 
point  comprised  between  the  south  and  the  west ;  its  hc^|^ 
varies  very  regularly  between  these  two  extremes.  In  eer^ 
tain  places,  however,  anomalies  are  found ;  thus,  at  Ticnna 
and  Buda,  the  pressure  is  very  feeble  with  cast  winds ;  and,  at 
St  Petersburg)  the  minimwn  almost  ooinddea  with  the  N.W. 
These  anomalies  have  not  yet  been  well  explained,  ftr 
they  are  not  derived  merely  from  the  continental  poiitiwi 
of  these  two  towns,  since  the  results  obtained  at  Stnrkhnla 
and  Moscow  agree  with  the  laws  which  regulate  wesim 
Europe.  The  only  difference  consists  in  that  tlie  osdOsr 
tions  arc  a  little  smaller  in  the  interior  of  the  continat 
than  on  the  west  coast.* 

Analogous  laws  are  found  in  other  countiiea,  only  the 
wind  that  corresponds  to  the  maximiun  barometric  be^^ 
varies  according  to  the  position  of  these  points  in  relation  to 


*  In  one  of  the  preceding  notes,  p.  161. 1  have  giren  the  mean 
tureo  currGS]M>ntlin(;  to  the  different  din!otio»»  of  the  vind,  m»  they  wm 
ob«cr\v>il  at  the  pori«Kl  of  the  winter  solstice  at  Botekop  (Nftrwajr),  lathade 
6i^  5m'  north,  by  the  French  Commission  nent  into  the  north  of  Europe. 
The  mean  bammetric  pressures  corresponding  to  the  same  epoeh,  uid  in 
the  saiiiG  place,  were  calculated  by  M.  BaAVAis.  They  are  ranged  in  ibdr 
turn  within  the  following  little  table,  which  shews  the  barometric  eari  ^ 
teinds  fur  tliis  locality : — 


BAaOHr.TBlC  UEIGUTS  Foa  TDE  Diri-CEENT  WIKOS  AT  BUfKKOr. 


1         mm. 

N. 

T  12.9 

N.E. 

1          7.%3,4 

K. 

1          743.1 

S.E. 

7W.9 

S. 

740.5 

8.W. 

744,-* 

W. 

740,7 

N.W. 

745,ti 

It  is  to  lie  boliered  that  the  barometric  heivht  7'>3,*i.  which  convsponds 
to  the  N.E.  wind,  is  too  high  ;  this  rests  on  only  a  few  obsorrations.  Bat 
this  table,  when  placed  in  contnuit  with  the  themiomctric  card  (p.  161), 
proves  that  the  coldest  winds  keep  the  barumeter  lower,  and  that  the  wann 
winds  from  the  west  and  8.W.  raise  it  sereral  millimetres :  this  Csct  Is  a 
remarkable  exception  for  Europe.  Acconllng  to  WaANtiEL,  this  is  nearly 
the  range  of  the  barometer  at  New- Archangel  (T>i>ve,  in  ScHVHAtBKE't 
JakrbHck/Ur  IK4I,  p.  311).  We  should  ftirther  obserre  the  anomaly  pre- 
•■onted  by  these  i^ime  (kcts,  in  aiKither  point  of  riew  :  at  Busekop,  the  lind- 
broezes  depress  the  barometer ;  the  column  rises  with  the  »ea-br«eies.  An 
anomaly  of  the  same  kind  exists  at  the  mouth  of  the  Rio  de  la  Plata.— M. 


iMnxs^Km  <a  iotatiok.  SSV 

Enrapc  Thiu,  m  the  ITnited  StaUa,  the  buometer  ■ 
highest  with  the  N.W.  wiods,  and  lowest  with  the  B.E. ; 
h  IS  the  ume  at  Pekin  in  China.  On  collectiag  the«  Gutt 
tOKetber,  we  cooclude  Aat  Ihe  baroauUr  tdbmu  it  nuxnaatt 
wAm  tke  idndt  bloK  /rcmi  Ikt  north  aad  from  &e  itItHor  q^ 
eoatiiumtM,  itt  mitmian  tdtea  tht]/  eome/hm  Oia  eqvatar  or  ale 

AAcr  what  we  hftve  said  in  reqieet  to  the  inBngiMf 
of  winds  over  temperature  we  du^  esnij  ex^Iun  tbeae 
phenomena, — (he  pressure  is  great  with  cold  winds,  feehk 
with  wans  winds.  If  the  air  is  cooled  with  north  winds,  it 
contractB,  the  limits  of  the  atmosphere  fall,  and  the  hot  air 
flown  in  from  all  sides,  and  hence  the  rise  of  the  barometer. 
If  the  air  is  heated  hj  south  winds,  it  ascends  and  flows 
awa;  in  all  directions.* 

IMFLUENOB  OF  THB  ROTATION  OF  THB  mMm 
ON    THE  BBIOBT   OT   THB    BAROHBTBS.  —  In   tbe 

researches,  <rf  which  we  have  given  tbe  resolts  in  die  pre- 
ceding table,  no  attention  has  been  paid  to  the  hour  or  the 
day,  except  tbat  for  Paris  and  Halle  I  have  chosen  the  hour 
of  noon.  However,  od  considering  that  in  our  climates 
the  wind  presents  a  r^alar  and  constant  rotation,  we  ought 
to  discover  this  regulaiity  in  the  oscillatioDS  of  the  baro- 
meter, as  we  have  formcrl;  found  it  in  those  of  tbe  ther- 
mometer and  tbe  l^grometer.  M.  Dova  arrived  at  this 
result  hj  cocnpariug  the  observEtions  made  at  Paris  at 
9  A.H.  and  9  p.m.  ;  mv  own  observations  at  Halle,  when 
compared  hourly,  leaa  to  the  same  results.  I  inquired 
what  was  the  pnncipal  direction  of  tlie  wind  for  each  day, 
and  I  calculated  the  mean  heisht  of  tbe  barometer  for  eaui 
hour  of  the  day;  I  tbED  subtracted  this  mean  from  the 
general  pressure  observed  at  Uiis  hour  iritb  any  particnlai 
wind,  in  the  following  table,  the  sign  -\-  means  that  tbe 
barometer  was  above  the  general  mean ;  the  sign  — ,  that  it 
was  below  it.    However,  I  should  obacrve  that  the  absolute 

•  M.  THni,  umrdlDK  tD  tb«  null  DsmteF  o<  u^Mni 

sbid  orer  Ilw  helgtal  of  the  hwomelrr  In  Ihg  iiWkgni  b«llq 
tlw  t«mp*rAlurfl  mod  the  tmmldltj  of  Um  air.    TlH  *■■■**'"' 

Cn  of  the  ihlp  ia  Primate  LotiUf,  uid  the  ecooqnta  kIti 
ui  uid  WiHDT.  hsTs  led  to  Ihc  roUowing  «« 
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In  tliu  table  we  dearly  Meogaiae  the  inflnenee  of  the 
rotation  of  the  wind,  it  generally  tnnii  from  the  north 
to  the  N.E. ;  we  may  auo  remark  that  the  barometer 
almost  always  ruea  dunng  the  days  when  the  wiod  blows 
from  the  north,  so  that  its  height,  after  a  deduction  is  made 
for  the  diurnal  oadUation,  is  about  two  millimeties  greater 
at  10  rjt.  than  at  G  i.H.  As  the  presmre  attams  its 
maximum,  when  the  wind  is  in  the  NJ}.,  we  find  that 
the  barometer  changes  but  little  during  the  day.  However, 
long  series  of  obeerratioDS  might  permit  uf  to  appreciate  its 
rise  from  monung  till  noon,  and  its  fall  till  eTenmg  ;  for  it 
frequently  happens  that  the  wind  blown  fh>m  the  north 
during  tne  morning,  from  the  N.E.  at  noon,  and  from 
the  cast  in  the  erenmg.  I  have  placed  my  obserrations  of 
this  kind  in  the  column  N  Jl. ;  in  the  morning  the  barometer 
rone,  it  fell  in  the  evening.  The  wind  continuing  to  turn 
passes  to  the  east,  the  S  J^.,  and  the  south,  and  the  pressure 
goes  ou  diminishing;  so  that  the  barometer  falls  until  it 
attains  its  nunAmcm  with  the  S.W.  wind.  The  barometer 
then  remains  stationary  throughout  the  day,  only  at  noon 
it  is  a  little  lower  than  in  the  morning  and  evening.  If 
it  passes  frwu  the  west  to  N.W.  and  the  north,  there  is  an 
increase  in  the  preasnre  which  may  be  appreciated  in  the 
course  of  the  day. 

The  oedllations  of  the  barometer  depending  on  the 
direction  of  the  wind  explain  to  us  the  anomalies  that  we 
Dbtierve  between  the  cards  of  barometric  windn  in  places  that 
are  very  near  together.  If  we  choose  as  the  elements  of  the 
calculation  the  morning  obscrvatians,  the  maximum  ap- 
proaches the  N.E.,  the  moitnitmi  the  S.W. ;  if  we  take  those 
of  the  evening,  the  maximum  approaches  the  north,  the 
mmnrnun  the  south.  The  differences  presented  by  the  diur- 
nal oscillations  of  the  barometer  in  the  same  month,  con- 
sidered in  different  yean,  recognise  the  same  cause.  If  in 
any  month  the  west  winds  have  been  predominant,  the 
fninonurn  will  take  place  a  little  earlier  in  tne  anfmoon,  the 
maximum  a  little  later  in  the  evening,  than  in  the  mean  of 
observations  comprising  a  great  number  of  years.  More- 
over, the  evening  niainnian  exceeds  that  of'^the  morning, 
whilst  the  contrary  is  the  case  with  east  winds.  We  must 
not  forget  that,  in  order  to  recognise  the  principal  points  of  a 
barometric  card,  one  year  or  even  a  few  months  are  suffi- 
cient ;  but,  to  determine  them  rigorously,  prolonged  obaer- 
Tations  are  required :  for,  if  the  S.W.  winds  predominate 
daring  a  month,  the  buometer  remains,  for  the  few  days 
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that  the  east  winds  Uow«  bdow  the  hihHnil 
corresponds  to  these  winds. 

CORRESFOMDIHO 


thst 


describe  curves  that  are  sensibly  parallel,  wben  they  vc 
studied  for  places  that  are  not  Teiy  fiv  distant  fnm  cdk 
other ;  but,  at  Ki^&t  distances,  the  banmieler  may  ne  m 
one  place  and  mil  in  another.    Kei^bonniiK  puees  sin 

E resent  differences  that  are  easQy  apprecjatedt  by  edcB> 
Lting  their  differences  of  level  by  means  of  thorn  of  the 
barometric  columns.  I  have  taken  the  diffeieoce  of  levd 
between  Halle  and  Paris,  and  between  Halle  and  Zoikh, 
and  I  have  arranged  them  according  to  the  winds  that  pimi 
at  a  mean  in  North  Germany.  The  yean  of  obwrvatisM 
furnish  me  with  the  followmg  differeneea  with  r^sid  Is 
the  general  mean : — 


V AVIATIONS  OF  THB  DIFFEmBHCSS  OF  LEVEL   CALCVLATXD  BT  111 
BABOMETEB,  ACCOBDING  TO  THE  DIFFEBEXT  WHIDS. 

1  TOWNS. 

1 

>-. 

N.E. 

£. 

8.E. 

s. 

S.W. 

^^  • 

3LV.| 

Berlin. 
iParis. 

i  Zurich. 

1 

m. 

+  2,9 
+  8,2 
+25,7 

m.            m. 
-  9,7  1-14,4 
+22,0+26,7 
+42,9 '+36,1 

m. 
-14,2 
+  35,5 
+  27,3 

m. 
-6,8 
+23,8 
—  6,2 

m. 

+  1,7 
—  6,6 
-21,4 

+"7,0  +rai 

— 2a,0r-UJ 
— 24,0-lM 

{Vide  Appendix,^.  33.) 

Tliese  quantities  were  obtained  by  comparison  with  the 
general  mean.  If  we  suppose  all  these  points  at  a  level 
with  Halle,  the  sifi;n  +  means  that  the  ulace  is  situated 
above  this  level ;  the  sign  — ,  that  it  b  below.  Or  else,  if 
wc  regard  the  height  of  the  barometer,  +  signifies  that  the 
barometer,  supposing  it  on  a  level  with  that  at  Halle,  is 
lower  than  in  the  toi^-n,  while  the  sign  —  indicates  the 
reverse.  From  the  preceding  table,  the  following  may  be 
deduced : — 


DIFFEBE>'CE3    OF    MAXIMUM    LEVEL   OBTAINED    WITH    THE 
BABOMETEB  ACCOBDING  TO  THE  DIFFEBENT  WINDS. 

Berlin    .    E.    12"*  S.  — 15-,73    W.  32=  N.  -r    9-.9S 
Paris      .     S.E.  +33  ,30    W.  15   N.  —  29  ,74 

Zurich   .    N.   62^  E.  +44  ,31     S.    70  W.  —  27  ,57 
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The  geognphieilpoBitioii  has  also  an  immense  influence, 
m  the  example  of  Znrich  proves.  These  differences  are 
Mmiectfd  with  great  laws,  which  cannot  be  established 
MMpt  by  comparing  a  great  number  of  places.  If  we 
■nrive  at  this  result,  that  the  winds  are  engendered  by  an 
iaereaae  of  pressure  in  the  countries  whence  they  come, 
we  BUffht  establish,  as  well  as  the  insufficiency  of  the 
Mtfriiiin  at  our  disposal  permits  us,  that  these  inequalities 
b  the  height  of  the  barometer  arise  from  differences  of 
tanperature.  Thus,  let  us  take  a  period  during  which  the 
nnUi-east  wind  blows  at  Halle,  ana  compare  the  tempera- 
tuc0  of  the  different  places  in  Europe ;  if  we  make  the 
Dovreetions  required  by  the  differences  m  mean  temperature, 
mppoaing  that  all  Europe  has  the  same  mean  temperature 
H  Halle,  we  shall  find  tnat  Vienna  and  Pn^e  are  2^  or  3"^ 
oolder  than  Halle;  Breslau,  1°  or  2^;  Konigsberg  and 
lAemel  have  the  same  temperature ;  in  many  towns  in  Eng- 
buid  the  air  is  2°,  and  at  St.  Petersburg  4^,  warmer  than  at 
Halle.  Consequently,  at  the  east  and  the  south  of  Halle 
the  cold  is  more  intense ;  the  pressure,  therefore,  increases, 
lod  the  wind  blows  from  the  south-east. 

Other  philosophers  who  have  studied  the  same  subject 
hanre  arrived  at  very  discordant  results.  Thus,  Bra&dea 
fotind  that  the  height  of  Saint- Grothard  above  that  of 
Geneva  was  equal  to  the  mean  with  the  south-east  winds, 
irhilst  it  was  too  great  with  the  north-west  winds ;  which 
loeords  tolerably  well  with  a  result  that  I  found,  by  com- 
paring my  barometric  observations  at  Halle  with  those  of 
bL  Maeaier  at  Berlin.  The  two  directions  given  bv  the 
eartreme  differences  of  level  are  sensibly  perpendicular  to 
the  line  joining  the  two  stations.  Ramond  convinced  him- 
sdf  that  the  greatest  difference  between  Paris  and  Clermont- 
Ferrand  coincides  with  the  north  wind ;  the  least  coincides 
with  the  south  wind ;  that  is,  with  winds  whose  direction  is 
parallel  to  the  line  joining  the  two  stations.  This  result  is 
directly  opposed  to  those  that  we  have  hitherto  related. 
We  should  not  forget  that  Ramond  did  not  consider  the 
four  cardinal  winds;  then,  were  his  places  well  chosen? 
P^jris  participates  in  the  ascending  currents  of  mean  Europe ; 
Clermont,  on  the  contrary,  belongs  to  the  zone  of  Mediter- 
ranean climates  that  are  mfluenced  by  the  great  current  of 
Sahara.  Unfortunately,  I  have  not  around  me  in  Germany 
a  sufficient  number  of  correspondent  observations  to  enable 
me  entirely  to  throw  light  on  this  subject. 
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ACCIDENTAIi    DIURNAI.    OBCIbI.A.TIONB.— The; 

are  dependent  on  the  seasoae,  the  K^^c^rapbical  poeition,  and 
the  winds ;  in  order  to  recognise  iheir  connexion  with  teni- 
^niture,  it  would  be  well  tu  follow  the  Innimctric  osdllt- 
tioim  from  one  observation  to  tlic  observation  of  the  next 
d«y,  that  corresponds  to  the  same  hours,  comparing  them 
with  those  of  I  have  made  this  tedioiu 

calculation  for  9,  and  have  deduced  inm 

them  the  folloi 


■(pa«|wi) 

7,813 
6,273 
7,113 
4,844 
3,803 
3,573 
2,933 
4,598 
3,198 
4,841 
6,756 
7,054 

1 

■(eiMtUfMSOTK) 

7,602 
5,972 
5,049 
5,856 
3,824 
2,865 
3,329 
3,073 
3,891 
4,638 
5,848 
6,907 

1 

4,797 
4,598 
4,613 
2,743 
2,752 

2^514 
2,876 
3,381 
3,730 
3,810 
3,079 

1 

.... 

4,131 
3,718 
4,095 
3,194 
2,355 
2,109 
1,913 
1,884 
2,340 
3,268 
2,967 
3,226 

1 

-„„. 

4,124 
3,790 
3,966 
3,076 
2,256 
2,080 
2,173 
1,742 
2,472 
2,725 
3,219 
3,386 

M 

— 

2,923 
3,773 
3,655 
3,628 
2,095 
2,238 
1,557 
2,103 
2,917 
3,786 
2,793 
3,427 

1 

„.»o 

4.213 

3,885 
3,813 
2,741 
3.317 
1,884 
1,986 
1,868 
2,340 
2,773 
2,883 
3,452 

1 

■.„„ 

4^1 
3,271 
3,248 
3,226 
2,030 
1,422 
1,399 
1.669 
1,660 
2,120 
2,865 
3,970 

1 

-omildA'XlHTB 

3,068 

2,858 
2,752 
2,407 
1,846 
1,730 

1.791 
1,631 
2,024 
2,161 
2.432 
2.919 

1 

■iiavMaaii-iEinYs 

illlll-IISIIII 

1 

""""■-• 

1.906 
2,552 
1,721 
1,868 
2,145 
1,372 
1.057 
1,304 
1,460 
1,663 
1,660 

1 

■"""" 

2,297 
2,443 
3,158 
1,494 
1,169 
1,393 
1,286 
1,031 
1,163 
1,317 
1,671 
1,607 

1. 

■,„«™, 

0,817 
0,821 
1,022 
0,972 
1,116 
1,413 
0,916 
1,008 
1,065 
0,952 
0,348 
0,361 

1 

M  M  YXKTS 

1 

i 

January 
February 
March    . 

June.    . 

July.    . 

August  . 

September 

October. 

November 

December 

1 
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Bio- Janeiro,  winch  oecapiet  •  plm  in  tfaiitdiltbWH 
in  the  soathera  honiipheiv,  I  hsrv  plaeed,  in  the  nioBth  or 
January,  the  valnes  round  fhr  Jnly;  in  tint  of  FAnBy, 
those  for  Aogost,  &c  The  inftwnoe  of  the  kmom  ii  tbj 
evident ;  thai,  the  osdllatiooi  se  alwugfi  ■nailer  in  wmmBt 
than  in  winter.  Calcatta,  the  cahnlatiflWM  ftr  wbSA  rat 
on  the  oheervwdons  of  a  single  yeer,  fiinna  the  oidj  cmp* 
tion  to  the  rule.  If  long  aeries  made  in  Indie  ahewd  kad 
to  the  same  leanlt,  it  mnat  he  attributed  to  the  inftwHeaf 
the  south-west  monsoon,  which  eftea  brings  Tieloit  iloai& 

This  fact  is  intimately  connected  with  accidenCal  iraii- 
tions  of  tonperature;  for,  if  we  seek  for  the  diflTiiMei  tf 
temperature  observed  at  the  same  houra,  we  ahell  find  ttal 
they  are  smaller  in  summer  than  in  winter ;  prindpal^  n^ 
if  we  take  the  mean  difference  of  kcalitiea  that  ore  nor 
each  other,  but  very  unequally  derated  above  the  levd  tf 
the  sea.  In  summor,  the  mean  temperature  deereuea  iritt 
the  latitude  much  taster  than  in  winter;  and,  if  tlie  wlrii 
bring  masKs  of  air  from  a  distant  place,  their  diflfeienee  of 
temperature  will  be  less  than  in  winter :  and  hence  the  Icner 
differences  of  pressure.  For  the  same  reason  the  accidnitdl 
oscillations  are  much  feebler  at  the  ecjuator,  because  the 
variations  of  temperature  are  less  extensive;  and,  on  a  mnn 
space,  the  difference  between  the  maxima  and  thtmamm 
means  increases  with  the  latitude.  The  columns  of  Sam^ 
Bernard  and  Saint-Gothard  also  prove  that  these  osciTlarinni 
have  less  amplitude  the  higher  we  rise  in  the  atmosphcfe; 
they  diminish  almost  in  the  same  progression  as  the  mesa 
heights  of  the  barometers. 

MONTHiaY  nxTREMBS.  —  If,  in  a  long  series  of 
observations,  we  look  for  the  difference  between  the  moi^ 
mum  and  the  minimitm  of  each  month,  we  shall  not  only 
find  the  influence  of  seasons,  of  which  we  have  already 
spoken,  but,  thanks  to  the  number  of  observations  coming 
from  all  countries,  we  may  also  odculate  the  difllerencaM 
these  oscillations  in  different  climates.  The  following  table 
presents  the  mean  monthly  oscillation,  as  well  as  the  mean 
oscillations  of  winter  and  summer.* 

*  The  mean  of  the  monthly  oecUIationa  obserred  at  BoMkop  (Utftod* 
69°  580,  during  the  six  months  of  the  winter  of  18S8-9,  it  equal  to  a9"^t » 
it  has  almost  the  same  Talue  as  at  Umeo,  a  town  situated  6*  more  to  tha 
■outh. — M: 


UOtrtHLT  UtTKUIBB. 


.  13  39  N. 
.   )9  45 
.  23     9 


.    ae,49  \  1 
.    35,.13 


3  30  M 
fi     7  36 


wBioKt  or  Tsx  ATmomaam. 


ibiidic(Mu 
r  BtdtotA  .. 


Cunl 
New 

Gottiiigea. . 
laktratsk 

CBbuinenbnig . . 

Bristal  

The  Hague 

Capenb^en 


L'pul 

;  Nsin(LBbrador).. 


BO  37 
&9  5! 


96  94  M 
II  1  96 
7  3B  M 

74  U  M 
7  S3  M 
a  1  36 
7*  57  M 
7(  10  M 
7  M  36 
197  <1  36 
ao  «9  » 
U  14  36 
4  56  » 
1  M  M 


1  S8  36 
3  16  M 
1  16  36 

170  49  M 


17  54  716 
S  9S  36 
33  35  34 


appro&ch  nearer  to  the  truth,  and  the  difference  are  grealK 
OS  the  daily  obserratioiu  have  leen  more  multiplied.  How- 
ever, we  may  draw  from  these  materials  certain  genenl 
iuducttonB.  We  clearly  see  that  the  amplitude  of  tbe  acd- 
denial  variatioriB  incft^ases  as  we  recede  from  the  eqaator, 
and  we  may  appreciate  the  influence  of  geographical  poti- 
tion.  Although  India  is  situated  under  the  same  paralU 
.IS  the  Antilles,  yet  the  oscillations  are  much  greater.  In 
higher  latitudes,  other  relations  are  found.  The  acddenul 
e  much  more  extensive  on  the  east  cout  d 


America  th&n  on  the  west  coast  of  Europe  :  the  maxtmum 
of  differeace  ia  found  at  the  point  where  the  Gul&tream 
tuma  to  the  east,  and  where  the  isothermala  are  veiy  near  to 
«ach  other.  Thus  i"  tlw  State  of  Massachuseta  (42°  N.),  the 
oacillations  have  the  aame  amplitude  as  tbejhaTe  at  10° 
more  north  in  Western  Europe;  but,  in  penetrating  into 
the  interior  of  the  old  continent,  thev  continue  diminishing, 
*nd  appear  to  increase  anew  on  tlie  east  coast  of  Asia. 
Thus,  their  amplitude  is  the  same  at  Gottiagen  (latitude  fll" 
32'  N.,  longitude,  7^  36'  £),  Tomsk  (latitude,  A6°  ^  N. 
longitude,  82"  50  E),  and  lakoulsk  (latitude,  62°  2'  N.,  lon- 
gitude, 127°  24'  E). 

On  the  west  cuast  of  America,  the  oscillation  ie  the  tame 
in  equal  latitudee  as  that  port  of  the  eorreqtondiu^  coast  of 
Europe,  as  is  proved  by  the  obeervationt  made  at  Sitcha  and 

Ilounouk;  in  their'  ~'  "    '  ' '"  ''  "' "" *""" 

coasts.     Ifw 

is  the  asme,  ^ 

bj  uobarometric   line   of  4°>',51,  for  example,  that  which 

passes  through  all  the  points  in  which  the  mean  difference 

between  the  monthly  extremes  is  4""',51. 

iBOBABOMETRia  I.IMBB.— If  we  dednce  from  the 
observed  barometric  amplitudes  the  latitudes  where  the 
isobarometric  lines  cut  the  meridiaas,  we  shall  construct  the 
following  table : — 


MB»5 

.::z. 

WEST 
EUBOPB. 

GEBMANT 

loioPE. 

SIMWA. 

15°  33' 

IS"    V 

21°  15' 

23' 36' 

9,M 

23  S3 

26    17 

39  38 

31  31 

23°  30' 

13,54 

30  27 

34     4 

36  43 

39    2 

35  29 

18,05 

36  14 

42  14 

43  18 

43  ai 

46  34 

22,56 

41  40 

47     8 

49  48 

32  43 

57  55 

27,07 

46  58 

51     4 

S6  34 

60    6 

72  23 

31,58 

52  21 

57  47 

64    6 

68  30 

36,09 

SS     1 

65  22 

73  48 

S3  38 

The  following  i 
ordinary  language  ■'- 
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are  very  small  at  the  equator ;  if  wt  ooold  rtlmfctf  thai 
so  as  entirely  to  eliminftte  the  diurial  ▼aiiatioii*  we  dimdi 
find  that  they  are  2""  at  most.  In  the  Indiui  See  they  Ht 
t^vice  as  mat,  which  is  doe  to  the  diatniheiioet  hnmglit 
about  in  the  atmosphere  by  the  monaoons. 

The  isobarometric  line  of  4*",5I,  eats  the  eoHtof  Noitl 
America  in  the  Bay  of  Hondnns;  it  is  then  dcCcnuMd 
directly  toward  the  cast,  reaches  AfHca  at  the  north  of  Gipe 
Verd,  then  rises  toward  the  north,  traveraea  E^jpt,  tad 
afterwards  descends  toward  the  equator,  which  it  reariiei  i 
little  to  the  west  of  the  meridian,  under  which  the  point  of 
the  Indian  peninsula  is  situated.  In  the  aootbem  hcni> 
sphere  it  again  directs  its  course  towaid  the  west. 

The  isobarometric  line  of  9**,02  euta  the  east  eoart  of 
America  at  the  east  of  Zacatccas ;  it  then  riaea  toward  the 
north,  reaches  the  west  coast  of  Africa  between  C^ 
Bojador  and  the  Canaries,  traverses  the  north  part  of  Fdau 
and  the  Delta  of  the  Nile ;  it  then  passes  between  Bagdad 
and  Bassora,  inclines  greatly  toward  the  south,  and  tenm- 
nates  near  Calcutta. 

The  isobarometric  line  of  I3'"",54  touches  the  north 
part  of  the  Gulf  of  Mexico,  reaches  the  old  continent  in  the 
north  part  of  the  kingdom  of  Fez,  traverses  Sicily,  attains 
its  most  northern  point  in  the  neighbourhood  of  the*  Caspian, 
and  at  the  east  descends  toward  the  south. 

The  isobarometric  line  of  l^'B'^fOS  cots  the  southern  part 
of  the  Bay  of  Chesapeake ;  it  then  rises  abruptly  toward  the 
north,  passes  by  the  northern  part  of  the  Spanish  peninsula; 
and  this  movement  toward  the  north  appears  to  continue 
even  into  the  interior  of  Asia. 

The  isobarometric  line  of  22"",.56  cuts  the  cast  coast  d' 
America  in  the  neighbourhood  of  lV>ston,  the  west  coast  of 
Euroi)e  at  the  north  of  the  mouth  of  the  Loire;  continues  to 
rise  toward  the  north,  and  attains  its  northern  limit  in  tbe 
neighbourhood  of  Krasnojarsk  in  Siberia.  From  this  point 
it  descends  again  to\**ard  the  south. 

The  isobarometric  line  of  27"",07  cuts  the  cast  coast  of 
America  in  the  State  of  New  Brunswick,  reaches  Europe  in 
the  neighbourhood  of  lA)ndon,  traverses  southern  Sweden, 
passes  between  Novogorod  and  St.  Petersburg,  and  appears 
to  reach  the  Frozen  Ocean  in  the  neighbourhood  of  Cape 
Taimura.  In  the  interior  of  America  it  passes  several 
degrees  to  the  north  of  Fort  Churchill,  then  inclines  toward 
the  south  as  it  advances  westward,  and  appears  to  be  pro- 
longed several  degrees  to  the  north  of  Sitcba,  since  in  this 
lK)int  the  mean  monthly  oscillation  is  only  25"":  but  it 
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then  directs  its  wane  toward  the  south-west,  and  leaves 
Onnalaschka  in  the  north,  where  the  oscillation  is  29"^'". 

The  isoharometric  line  of  Sl'B'^jdd  passes  through  the 
aonthem  part  of  Labrador,  the  northern  part  of  Scotland 
and  southern  Norway;  it  passes  to  the  north  of  Saint- 
lialo,  and  is  prolonged  towud  the  north. 

Although  we  are  not  in  possession  of  any  lou^^  series  of 
fauometric  observations  in  the  north,  jet  tne  direction  of 
the  lines  shews  that  they  return  on  themselves,  like  the 
itothermals,  and  form  two  different  systems.  The  centre  of 
these  two  systems,  or  the  poles  of  the  irregular  oscUlations 
of  the  barometer,  are  not  found,  like  the  jpoles  of  cold,  on 
the  two  continents,  but  they  are  placed  m  t^e  ocean  by 
which  they  are  separated. 

In  the  south  of  Africa  and  in  New  Holland,  the  size  of 
the  oscillations  is  the  same  as  in  western  Europe ;  but,  in 
their  course  from  the  Cape  of  Good  Hope  to  New  Holland, 
these  lines  appear  to  approach  the  equator :  this  is  in  con- 
sequence of  tne  agitation  of  the  air  in  the  Indian  Sea. 

When,  in  1831, 1  made  known  in  my  TreatUe  onMeteor^ 
ology  the  direction  of  the  isoharometric  lines  deduced 
fitmi  existing  facts,  I  announced  that  this  attempt  should  be 
eonsidered  merely  as  the  prelude  to  a  more  extensive  work. 
I  am  forced  to  repeat  this  observation  in  the  present  place. 
The  variability  of  the  elements  of  a  calculation  of  this  kind 
demands  a  great  number  of  observations,  made  in  localities 
Terjr  near  to  each  other.  Now,  if  the  known  barometric 
aenea  are  sufficient  for  Europe,  they  are  not  so  for  other 
parts  of  the  world.  Since  I  published  this  work,  we  possess 
a  still  greater  number  of  observations ;  however,  their  in- 
crease nas  not  been  such  as  to  change  notably  the  resiilts 
that  have  been  obtained. 

Be  Banssnrey  who  has  contributed  so  much  to  the  pro- 
gress of  Meteorology,  said  that  every  hypothesis  intended  to 
explain  barometric  oscillations  ought  to  give  an  account  of 
their  increase  with  the  latitude.  The  connexion  existing 
between  changes  of  temperature  and  changes  of  pressure 
accounts  for  this  increase,  and  for  the  curving  of  the  isoha- 
rometric lines.  Thermometric  variations  arise,  as  we  have 
previously  mentioned,  from  the  winds  mixing  strata  of  air 
of  different  temperatures,  and  transporting  these  masses 
from  the  north  to  the  south,  and  from  the  south  to  the 
north.  The  more  we  recede  from  the  equator,  the  more 
does  the  mean  temperature  of  the  years  and  of  the  seasons 
vary  for  a  given  latitudinal  distance.  The  mean  tempera- 
ture of  the  equator  is  27®, 5;  that  of  Teneriffe,  21°,7  :  thus, 
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for  a  difference  in  latitude  of  28"*  SO',  the  dilfrmwe  m 
peratiire  is  only  5^8.  But,  if  we  go  fkom  Teocriflb  to  ££■- 
burgh,  the  mean  of  which  is  8^6,  we  ahall  haTe.  tat  the 
same  difference  in  latitude  (28**),  a  diflbrenoe  of  IS^l  be* 
tween  the  mean  temperatures  of  these  two  points.  Add  to 
this,  that  Edinburgh  is  under  a  meridian  ramarkable  for  tk 
elevation  of  its  temperature.  If  we  had  chosen  a  town  sitated 
in  the  interior  of  the  continent,  the  differenee  would  haic 
been  still  greater.  Let  us  admit,  for  aimplidty^s  h^  thsta 
country  receives  air  coming  from  two  othen,  situated  one 
to  the  north,  the  other  to  the  south,  but  equidirtant  in  Isti- 
tude ;  the  difference  of  temperatures  wiU  be  greater  as  tfacK 
places  are  further  from  the  equator,  and  the  barometrie 
oscUlations  will  increase  in  the  same  ratio.  In  high  kli- 
tudes  we  have  sudden  chances  in  the  direction  of  the  wad, 
the  aspect  of  the  skv,  and  the  height  of  the  baiomelcr. 
Between  the  tropics,  tne  trade- winds  throw  into  cimlatiai 
an  air,  the  temperature  of  which  is  uniform :  the  tbcr* 
mometer,  therefore,  remains  almost  stationary;  and  tbe 
mean  temperatures  of  the  same  month,  considered  for  seve- 
ral different  years,  vary  much  less  than  in  the  high  latitula. 
We  shall  not  find  notable  variations  in  the  barometer 
except  in  latitudes  such  as  the  Indian  Sea,  where  channi 
in  the  direction  of  the  winds  bring  about  correspondiqg 
chanees  in  temperature. 

When  the  mean  temperature  of  the  air  changes  veir 
rapidly  under  the  same  parallel,  then  the  barometric  oscu- 
lations arc  greater  than  in  the  contrary  case.  The  summit 
of  the  cur>'e  of  the  isothermals  passes  through  the  west  of 
England ;  but  if  we  could  determine  the  mean  temperature 
of  points  situated  on  the  sea,  by  turning  to  account  tne  innu- 
nierable  observations  made  by  nautical  men,  it  is  then  pro- 
bable that  the  summit  would  be  carried  into  the  Atlantic 
Ocean.  Thus,  then,  the  changes  of  temperature  due  to  the 
alternation  of  N.E.  and  S.W.  winds  ought  to  be  more  no- 
table in  the  British  isles  than  in  the  interior  of  the  conti- 
nent ;  the  barometric  oscillations  are  also  more  nuirked  in 
England.  The  same  phenomenon  occurs  on  the  east  coast 
of  America,  where  the  warm  air  of  the  Gulfstream,  and  the 
winds  evolved  in  the  icy  solitudes  of  Canada,  determine  con- 
siderable variations  in  the  temperature. 

The  direction  of  these  winds  tends  to  exaggerate  these 
variations ;  when  the  S.W.  winds  blow  in  Europe  during 
T\-inter,  thev  not  onl^  act  by  virtue  of  their  high  temper- 
ature, which  determmes  a  notable  diminution  in  the  pres- 
sure, but  at  the  same  time  the  sky  being  habitually  over* 
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€Mi  opposes  radiation  fVom  the  ^und,  which  becomes 
bated  on  the  surface :  thus  the  air  passes  away  in  greater 
proportion  to  the  higher  regions  than  if  the  vapours  were 
not  condensed  into  clouds.  Bedprocally,  when  the  winds 
blow  from  the  east,  the  skj  is  serene,  and  the  cooling  of  the 
ground  Tery  considerable;  whence  arises  an  increase  of 
pressure.  In  the  interior  of  the  continent,  whither  the 
sea-breezes  arrive,  loaded  with  a  less  quantity  of  vapour, 
the  sky  is  senerally  more  pure,  the  heating  of  the  ground 
less  marked,  and  the  barometer  more  tranquil. 

From  this  fact,  that  the  decrease  of  temperature  with 
latitade  is  more  rapid  as  we  recede  farther  from  the  equator, 
a  second  consequence  may  be  drawn.  K  we  admit  that  the 
two  winds,  which  cause  the  barometer  to  rise  and  faU,  al- 
ways bring  air  coming  from  countries  situated  in  the  cir- 
enniferenee  of  a  circle,  at  the  centre  of  which  the  observer 
is  placed,  we  can  comprehend  that  for  hot  winds  blowing 
firoin  the  south  the  barometer  falls  less  below  the  mean 
than  it  rises  by  north  winds,  which  are  relatively  colder. 
As  all  these  changes  oscillate  about  the  mean,  the  barometer 
OQ^ht  to  fall  more  slowly  than  it  rises ;  observation  confirms 
this  anticipation.  If  we  calculate  the  cases  in  which  the 
barometer  rises,  setting  out  from  any  hour  to  the  same  hour 
of  the  next  day,  this  number  is  to  that  of  the  case  in 
which  it  falls  as  10: 11 ;  that  is  to  sav,  that  the  time  re- 

Snired  by  the  barometer  to  rise  a  certain  quantity  is  to  that 
oring  wnich  it  falls  the  same  quantity  as  10  :  1 1.  Now,  as 
it  rises  with  north  winds,  the  latter  draw  along  a  mass  of 
air  proportionate  to  that  which  the  south  winds  can  draw  as 
11  :  10.  This  fact  explains  to  us  a  circumstance,  in  the 
table  of  the  relations  of  the  winds  (p.  48),  that  is  difficult  of 
oomprehensiun.  We  have  found,  indeed,  that  the  north 
winds  blow  less  frequently  than  the  south,  in  the  relation  of 
10  :  11,8 ;  if,  then,  they  draw  along  as  much  air  as  those  of 
the  north,  the  atmosphere  would  finally  be  carried  towards 
the  pole :  but  we  have  just  seen  that  the  north  winds,  com- 
pared with  those  of  the  south,  draw  along  a  mass  of  air 
greater  in  about  the  same  proportion,  namely,  as  10  :  11,3. 

STATE  OF  THE   BAROMETER  DURING  RAIN.— 

Torlcelll  had  long  ago  remarked  that  the  barometer  was 
low  at  the  approach  of  rain ;  it  is  admitted  as  positive  that 
the  diminution  of  pressure  ought  to  bring  rain ;  whilst  the 
weather  ou^ht  to  remain  fine,  as  long  as  the  barometer  is 
high.  If  this  coincidence  did  not  occur,  then  would  there  be 
lamentations  without  end  on  the  inaccuracy  of  barometers 
in  general,  or  of  accusations  against  him  who  should  be  par- 
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ticular  Id  observing  it.    It  would  be  more  wm  to 
that  a  pr^a^oe  on  this  point  ooold  beoome  noted  iatk 

gcnerahty  of  minds. 

The  kw  that  presides  o\'er  all  the  onrinatinm  of  thebno* 
meter,  which  only  indicate  differences  of  tempentnre  be- 
tween countries  that  are  not  &r  apart,  likewise  finds  an  ex- 
planation here.  If  the  fall  of  the  column  genenlly  pn- 
ocdes  rain,  this  is  due  to  the  particular  position  of  Ennp; 
in  ikct,  the  S.W.  vrinds,  which  are  the  wannest,  make  dK 
barometer  fall ;  they  likewise  bring  rain :  hence  the  ob- 
served coincidence.  The  cold  win&  of  the  N.E.,  on  ^ 
contrary,  raise  the  barometric  column,  and  almost  al«i|i 
accompany  a  clear  and  serene  sky. 

For  a  Ions  time,  philcsophers  vainly  endeavound  to 
explain  the  relation  by  which  the  two  phenomena  are  eon- 
nected ;  Deluc  was  the  first  to  point  it  out  in  genenl  tn^ 
and,  althottg^h  his  hypothesis  does  not  induce  a  iwi^t-limg  a^ 
vestigation,  it  is  yet  generally  adopted.  A  cubic  decimetre  of 
the  vapour  of  water  not  being  so  heavy  as  a  cubic  dedmetreof 
air,  Deiuc  explains  all  barometric  oscillations  by  the  grestcr 
or  less  proiK)rtion  of  the  vapour  of  water  contained  in  the 
atmosphere.  Indeed,  when  a  certain  quantity  of  air  absorbi 
a  certain  quantity  of  vapour,  it  expands ;  the  atmosphere  st 
this  point  is  higncr  than  in  the  neighbouring  points,  a  part 
of  the  air  passes  away  on  all  sides,  and  the  pressure  oftbe 
remaining  i)art  is  less  on  account  of  the  proportion  of  va- 
pours that  it  contains.  This  principle  being  established, 
ne  deduces  from  it  a  host  of  consequences,  of  which  die 
following  are  the  most  im^iortant : — 

Ist.  When  the  air,  loaded  with  vapours  derived  from 
the  sea,  traverses  the  continent,  the  atmospheric  presnut 
dimiuiAshcs  throughout  the  whole  of  the  course  it  pursoes. 
and  the  barometer  falls.  2d.  If  these  masses  of  moist  air 
accunmlate  in  any  countr}*,  the  vapours  finally  rise  into 
the  higher  regions  of  the  atmosphere,  where  they  form 
clouds.  The  barometer  then  falls  still  lower ;  not  beaiuse 
the  clouds  diminish  the  weight  of  the  atmosphere,  but 
l)ecause  the  proportion  of  vapour  continues  constantly  in- 
creasing. 3d.  The  vesicles  of  the  cloud  finally  collect  to- 
gether, and  then  the  rain  falls.  4th.  When  the  sky  is 
clear  and  the  air  moist,  the  barometer  falls,  if  the  dew  ii 
abundant,  oth.  The  barometer  falls  with  south  and  with 
west  winds,  because  they  bring  to  us  moist  air ;  it  rises,  on 
the  contrar}%  under  the  influence  of  dry  east  and  north 
winds ;  it  rains  also  with  the  former,  whilst  it  is  fine  weather 
with  the  latter.    6th.  K  the  sky  is  clear  with  south  winds. 
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or  clouded  irith  nortb  winds,  the  buometer  does  not  indi- 
cate it.  Tth.  Should  tlie  arrival  of  ur,  loaded  with  Tapoura, 
cease  dnrins  roin,  the  latter  then  draws  the  Taponn  townrd 
the  earth,  toe  diy  air  flows  in  boia  all  aides,  the  prcMure 
increases,  the  barometer  rises,  and  we  maTconcInde  that  the 
rain  wilt  not  last  long.  8th.  Should  the  barometer  b^in  to 
rise  merely  because  tbe  wind  that  is  loaded  with  vapours 
ceases  to  blow,  the  rain  maj'  then  continue  as  long  as  the 
clouds  are  eaffidentlv  dense  to  dissolve  into  water ;  but  if 
the  wind  veers  to  tne  N.E.,  this  di^  wind  diseolvta  the 
vapour,  and  tbe  clouds  are  instantly  dissipated.  9th.  When 
the  vapours  that  are  accumulated  in  any  r^on  ascend  in 
the  atmosphere,  they  condense  into  clouds ;  a  wind  may  then 
rise,  blowing  only  in  the  higher  r^ons  of  the  atmosphere, 
and  driving  the  clouds  towards  a  conntry  where  the  baro- 
meter is  high :  it  will  rain  there  without  tbe  mercury 
falling,  because  that  vrind  does  not  arrive  loaded  with  va- 

CB.  It  therefore  rains  in  this  conntiy  although  tbe 
meter  is  high,  and  it  does  not  rain  in  that  where  the 
clouds  were  fbrmcd,  althoueb  the  barometer  is  low.  lOtfa. 
As  the  barometer  indicates  the  state  of  the  entire  column  of 
the  air,  and  the  hygrometer  merely  that  of  the  air  in  the 
place  of  observation,  the  range  of  the  two  instruments  may 
DC  very  different.  Uth.  Heat  expands  the  air,  and  diminishes 
its  ncight ;  it  acts  much  more  energetically  on  vapours. 
The  more  the  winter  mean  differs  from  that  of  summer,  and 
tbe  more  the  proportion  of  the  vapour  of  water  differs  in  the 
two  seasons,  the  greater  also  are  tne  barometric  oscillations. 
For  if,  during  summer,  the  air  is  hot  and  at  the  same  time 
loaded  with  vapours,  the  barometer  must  fUl :  also  in  tlie 
north,  where  the  difference  between  the  temperature  of 
winter  and  that  of  summer  is  very  great,  tbe  barometer 
oscillates  greatly,  whilst  it  is  almost  motionlesi  in  the  neigh- 
bourhood uf  the  equator. 

This  theory  was  received  with  much  favour,  became  it 
embraced  the  entire  mass  of  phenomena  better  than  all  those 
that  preceded  it.  However,  its  author  himself  so  modified 
it  subsequently  that  be  did  not  fear  to  maintain  that  the  air 
was  metamorphosed  into  vapours  of  water,  and  even  into 
water  itself,  under  the  influence  of  certain  affinities,  to  pass 
again  into  the  state  of  air  under  different  circumatanees. 
"nie  consequences  remained  in  detail  the  same.  But  the 
hindamental  idea  of  Deloc'a  hypothesis  is  contrary  to  the 
most  simplo  notions  in  physics  and  chemistry ;  for  when 
the  elements  of  the  air<  combine,  nitric  add,  and  not  water, 
is  produced.    &•  Baamanra,  a  fellow-eoontryman  and  con- 
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temporary  of  Deine'Sy  had  already  ahewn  that  haimnrtrie 
oscillatioDS  do  not  depend  Bokly  on  Tapoura;  hia  argnmnli 
have  been  corroborated  by  all  the  aabaeqiicnt  labonn  of 
philosophers  on  this  sabjecty  and  yet  Datee^  hypodiHii  ii 
produced  in  almost  all  treatiaea  on  natmml  phikaophT  nd 
Meteorology,  from  the  end  of  the  last  century  and  the 
commencement  of  the  present.  Da  Bansannra'a  objectiaBB 
rarely  find  a  place  in  them.  I  think  that*  withoat  hmg 
persuaded  of  the  truth  of  Betae's  aasertkniai  hk  eonlHi- 
poraries  adopted  them  to  aToid  the  labour  of  refuting  Ac& 
Deiuc  built  up  a  system  of  Meteorology  easy  of  oonpn* 
hension  and  ofexplanation ;  de  9mummvr%  on  the  eonttan^ 
only  gave  meteorological  fragments,  diswrminafed  thin^p- 
out  hu  Travels  ta  &e  Alps,  and  his  JSHuajf  am  Hggrmmtrf^ 
It  was  difficult  to  collect  and  to  arrange  them,  in  otdet 
to  oppose  them  to  Daiuc  |  they  preferred  neglecting  then. 

Ai\er  ha^in^  determined  the  quantity  of  vwgaaT  eon- 
tained  in  the  air,  at  different  degrees  of^^the  thennomelcr 
and  the  hair-hygrometer,  de  Banasvra  made  known  agnat 
number  of  facts  that  do  not  accord  with  Deloe'a  tbenrr; 
for,  if  vapours  acted  as  he  contended,  the  barometric  vana- 
tions  would  be  enormous.  Suppose,  for  instance,  that  the 
dew-point  was  at  25°,  the  tension  of  the  vapour  would  be  a 
equilwrio  to  a  column  of  mercury  23"*  in  length ;  if  dQ 
this  vapour  were  then  precipitated  in  the  state  of  water, 
which  never  happens,  the  barometer  would  rise  the  sune 
amount.  But,  m  our  countries,  we  never  observe  sneb 
difference  in  the  quantity  of  the  vapour  of  water,  whibt 
the  extremes  of  barometric  oscillations  far  exceed  2d'". 
Moreover,  it  is  in  countries  and  in  the  season  where  the 
heat  is  greatest,  and  the  evaporation  very  active,  that  we 
should  observe  the  greatest  oscillations,  namely,  in  summer, 
and  in  the  neighbourhood  of  the  equator;  now  experienee 
shews  precisely  the  contrary. 

Deiuc'B  hypothesis  rests  on  a  principle  the  fallacy  of 
which  has  been  proved  by  Dalton,  O&j-lAssaCy  and  others. 
At  equal  tensions  a  volume  of  moist  air  weighs  leas  than  an 
equal  volume  of  dry  air;  but,  when  water  quietly  evaporates 
in  the  open  air,  the  vapours  ascend  through  the  interstices 
of  the  aerial  particles,  >^ithout  having  any  mfiuence  by  their 
weight  or  their  elasticity  on  the  movements  of  the  air. 
The  atmospheric  pressure  is,  therefore,  increased  by  the 
weight  of  the  vapour  of  water,  all  other  things  being  equal 
The  barometer  ought  to  be  higher  in  moist  than  in  dry 
air.  Observation  seems  contrar>^  to  this  assertion,  since  the 
barometer  is  lowest  with  winds  loaded  with  vapours.    But 
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S.W.  winds,  which  bring  rain,  are  also  the  hottest  of  all : 
iSbity  tend  to  raise  the  baxometric  column  by  the  pressure  of 
their  vftpour,  and  to  lower  it  by  their  temperature.  This 
hat  influence  beins  the  more  energetic,  the  pressure  di- 
Bdnishes ;  and  it  is  ov  their  temperature  that  sea-breezes  in 
onr  climates  make  the  barometer  fall.  In  other  countries 
they  act  differently:  thus  Flinders  has  shewn,  in  a  work 
on  the  barometric  oscillations  on  the  coasts  of  New  Holland, 
that  beyond  the  tropics  the  dry  winds,  blowing  from  the 
dune,  make  the  barometer  fall ;  which  is  very  well  ex- 
|J^iw<^  by  Feron's  remarks  on  the  high  temperature  of 
Sheae  winds.  At  the  mouth  of  La  Plata,  the  barometer  is 
higher  during  east  sea-breezes  than  with  west  winds  blowing 
fivm  the  land. 

In  these  researches,  we  should  in  the  outset  distinguish 
the  atate  of  the  barometer  durinff  continued  rains  from  that 
which  accompanies  short  and  isolated  showers.  If  the  latter 
an  fteqnent,  and  are  due  to  clouds  that  approach  the 
lenith,  we  may  calculate  on  the  barometer's  nsmg  several 
tenths  of  a  millimetre;  this  often  happens  at  the  approach 
of  storms.  SoiAetimes  the  barometer  falls  again  to  its 
original  height,  when  the  cloud  has  departed.  During 
storms  we  may  affirm  that  the  period  of  their  greatest 
yicdenoe  is  passed  when  the  barometer  ceases  to  rise  or 
begins  to  fall;  this  is  because  the  rain  that  falls  cools  the 
lower  strata  of  the  atmosphere,  and  that  masses  of  air  flow 
in  firom  all  parts  toward  this  spot.  It  also  happens  that  the 
barometer  rises  regularly  for  several  days :  in  tnis  case  the 
south  winds  have  been  driven  away  by  the  north  winds; 
and,  at  the  place  where  they  meet,  the  mixture  of  strata 
of  air,  a£  different  temperatures,  produces  a  condensation 
of  the  vapours ;  the  barometer  then  rises,  under  the  in- 
flnenoe  of^these  cold  winds :  we  see  this  during  storms  in 
the  winter.  K  the  storm  comes  from  the  south,  and  the 
barometer  falls,  it  will  rise  again  after  the  first  flashes 
oflkhtning. 

Sat  generally,  during  rainy  weather,  the  barometer  is 
about  5"*"  below  its  mean ;  a  height  corresponding  to  south 
and  S.W.  winds.  M.  de  Bnch  comparcKl  the  heights  of 
the  barometer  during  rainy  weather  at  Berlin,  and  obtained 
the  following  results : — 
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HSIGRT  OF  THB  BABOMBTEB  AT  BBBUX  SUBDIG  mim 


nun. 

N. 

754,39 

X.E. 

755,93 

E. 

756,09 

S.£. 

751,26 

S. 

749,16 

S.W. 

750,20 

w. 

753,85 

N.W. 

755,79 

(Vide  Appendix,>^.  34.) 


All  these  heights  are  le«  than  those  generally 
panying  the  same  winds ;  it  follows  that  we  must  not  expert 
continuous  rain,  except  when  the  barometer  is  below  the 
height  that  corrcspouds  to  the  prevailing  wind.  Theft 
phenomena  arc  connected  with  what  we  have  said  respect- 
mg  the  formation  of  rain.  As  soon  as  S.AV.  winds  rise, 
there  is  a  diminution  of  pressure,  and  a  formation  of  rvri; 
but  it  is  only  when  the  wind  continues,  and  the  barameter 
falls  more  and  more,  that  the  quantity  of  vapours  beoomei 
of  sufficient  amount  to  fall  in  rain :  with  these  winds,  altt) 
the  height  of  the  barometer  is  less  than  their  general  mean. 
The  same  phenomena  belong  to  north  winds ;  as  soon  ai 
they  begin  to  blow  the  barometer  rises,  but,  as  they  miz 
with  an  atmosphere  that  has  been  loaded  with  xTipourt  by 
the  preceding  west  winds,  they  determine  the  precipitation 
of  rain  by  the  influence  of  their  temperature.  If  they  con- 
tinue blowing,  the  air  dries,  the  barometer  rises,  and  fine 
weather  returns. 

Thus  wc  act  correctly  in  marking  the  word  rainj  on 
ordinary  barometers,  at  a  point  situated  four  or  five  ndlli* 
metres  below  the  annual  mean ;  but  we  should  never  lose 
sight  of  two  circumstances, — the  direction  of  the  wind,  and 
the  state  of  the  atmosphere  at  the  moment  of  the  observa- 
tion. 

M.  DoTe  has  carefully  studied  the  influence  of  the 
wind,  and  I  believe  I  cannot  do  better  than  relate  his  con- 
clusions, lie  Tests  on  the  theory  of  the  rotation  of  the 
winds  from  the  east,  through  the  south,  to  the  west  (rule 
p.  50) ;  and,  setting  out  with  the  principles  that  he  has 
established,  he  deduces  the  following  conclusions : — 
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lit.  At  the  west  of  the  card  of  winds,  a  cold  succeeds  a 
wum  wind ;  at  the  east,  on  the  contrary,  a  warm  succeeds 
s  cold :  for  the  N.W.  is  colder  than  the  west,  and  the  S.£. 
than  the  south  (vide  p.  159). 

Sd.  At  the  west,  the  north  wind,  which  is  heavier,  drives 

IT  the  south,  which  is  lighter.  At  the  east,  the  south 
wind  does  not  drive  away  tne  north  wind  so  quickly;  so 
that  the  barometer  falls  more  frequently  than  it  rises ;  but 
it  rises  faster  than  it  falls. 

9d.  At  the  west  of  the  card  of  winds,  the  elasticity  of 
the  vrnpour  of  water  of  the  wind  that  follows  is  greater  than 
that  of  the  wind  that  precedes ;  it  is  the  contrary  in  the 
ent:  the  N.W.  is  not  so  moist  as  the  west;  the  SJ2.  is 
more  charged  with  vapours  than  the  east 

4th.  In  the  west,  the  cold  wind  blows  in  the  lower 
itnta,  and  is  substituted,  from  below  upwards,  for  the  south 
wind  that  preceded  it ;  in  the  cast,  the  warm  wind  arrives 
from  above,  and  is  substituted  for  the  cold  wind  from  above 
downwards.  At  the  same  time,  the  velocitv  of  the  wind 
dnniiiishes  in  the  west,  from  the  south  to  the  north ;  and 
inereises  in  the  cast,  from  the  north  to  the  south. 

It  follows,  from  these  facts,  that  the  number  of  precipi- 
titioiis  of  aqueous  vapours  (regard  being  paid  to  the  rela- 
tive fSrequency  of  the  winds)  is  greater  in  the  west  than  in 
Ihe  east;  this  is  not  merely  due  to  the  tension  of  the  vapour 
of  water,  for  it  rains  much  more  with  the  west  than  the 
GLE.  wind,  although  the  elasticity  of  their  vapour  of  water 
is  Mnfibly  the  same.  In  the  west,  as  a  cold  succeeds  a  warm 
wind,  and  in  the  east,  as  a  warm  succeeds  a  cold,  we  can 
explain  why  it  was  said  that  the  capacity  for  vapour  increased 
in  Uie  east  and  diminished  in  the  west.  The  rain  will  de- 
pend on  the  predominance  of  the  moist  or  of  the  dry  wind. 
The  irruption  of  north  winds  in  the  west,  and  the  gradual 
predominance  of  south  winds  in  the  east,  cause  that,  at  the 
west,  there  will  be  a  sudden  mixture  of  strata  of  air  un- 
eqoally  heated ;  in  the  east,  a  slow  substitution  of  one  wind 
for  the  other.  It  is,  therefore,  between  the  south  and  the 
west  that  we  shall  have  the  greatest  rain,  and  the  least 
between  the  north  and  the  east :  for,  on  account  of  the 
rapid  rotation  from  the  south  to  the  north,  the  differences 
of^e  temperature  of  winds  that  will  mix  in  the  west  will 
be  greater  than  those  of  the  east  winds ;  and,  for  the  same 
reason,  rains  will  rise  more  toward  the  north  in  the  west 
region  than  in  the  other.  But,  as  it  is  in  winter  that  the 
temperatures  of  winds  exhibit  the  greatest  differences,  there 
wiU  be  more  rains  in  winter  than  in  summer ;  and,  at  the 
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same  time,  the  rotaticm  of  tbe  wind  will  be  man  mfUii  m 
the  NJB.  it  will  snow  more  frequently  than  it  will  num. 

K  an  instantaneouB  miztnre  of  winds  is  s  fiiToniiUe 
condition  for  the  precipitation  of  aqueous  Tapoor,  it  wSi 
follow  that,  during  rain,  the  barometer  ought  to  zise  ngUlj 
in  the  west,  and  fall  in  the  east.  The  wind,  it  is  trnei  don 
not  pass  regularly  through  all  the  aiimuths  of  the  card  of 
winds ;  it  frequently  leans  in  a  oontnuy  direction,  eqpenHj 
in  the  west.  But  it  follows,  from  what  we  have  ssid,  thst 
iu  the  west  a  change  in  the  direction  of  the  wind  in  sa 
opposite  direction  to  the  normal  rotation  is  rarely  aooooH 
panied  with  a  precipitation  of  aqueous  Tapoun ;  in  the  esit, 
on  the  contrary,  tne  rare  and  ezceptioDal  changes  in  the 
direction  of  the  rotation  will  be  accompanied  by  rsin: 
thus,  with  a  rising  barometer,  we  are  more  likely  to  ne 
rain  in  the  east  tluin  it  will  be  observed  in  the  west  widi 
the  falling  barometer.  The  rise  of  the  barometer  during 
the  rainy  wind  will,  therefore,  be  greater  in  the  west  thsa 
its  mean  rise  for  west  winds.  For  rainy  east  winds,  on  the 
contrary,  the  fall  will  be  less  than  the  mean  for  east  winds 
in  general ;  but,  on  account  of  the  normal  rotation,  that 
retrograde  steps  must  be  compensated  by  steps  in  advance. 
However,  a  retrograde  range  oeing  much  more  frequent  in 
the  west  than  in  the  east,  it  follows  that  the  fall  of  tbe 
barometer  with  west  winds  will  indicate  the  approach  of 
rain ;  because  the  wind  must  turn  again  to  the  north,~a 
fresh  cause  of  rain  in  the  west  half  of  the  card  of  windi 
A  continued  rain  is  not  a  single  precipitation,  but  the  fire- 
queut  repetition  of  the  same  phenomenon  which  the  vane 
indicates,  by  turning  constantly  from  the  west  to  the  S.W., 
and  the  barometer  by  continually  oscillating. 

M.  Dots  proved  the  accuracy  of  his  anticipations  on 
studying  the  raris  observations,  for  it  follows  nt>m  than 
that  tbe  barometer  falls  during  rain  with  east  winds,  and 
rises  with  west  winds.  The  observations  at  Stockholm 
lead  to  the  same  result.  Taking  as  a  starting  point  the 
wind  that  blows  at  2  p.m.,  I  determined  the  quantity  thai 
tbe  barometer  had  risen  (-f)  or  fallen  ( — )  every  dav  firom 
6  A.M.  till  9  P.M.;  I  calculated  the  same  element  for  the 
days  that  preceded  the  rain,  and  constructed  the  following 
table : — 
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TOMBaEB  OF  MILUMBTSES  WHICH  THE  BAEOMETES  DIFFEB8 
FROM  m  HEIGHT  AT  2  0*CLOCK,  ON  THE  DAYS  AND  ON 
THB  EVENINGS  BEFOSE  THE  DATS  OF  RAIN  AT  STOCK- 
HOUf. 


DAT  BEFORE 

DAT  OF 

WINDS. 

THE  RAIN. 

THE  RAIN. 

num. 

N. 

+0,947 

+  1,354 

N.E. 

+0,135 

+0,993 

£. 

-0,023 

—0,925 

S.E. 

—1,128 

—1,467 

S. 

—0,925 

—1,377 

S.W. 

—1,602 

—0,609 

w. 

+  0,293 

+0,496 

N.W. 

Mean. 

-f  0,699 

+2,391 

—0,203 

+0,383 

{Vide  Appendix,^.  35.) 

This  table  proves  decisively  that  at  a  mean  the  baro- 
meter falls  before  rain,  and  rises  when  it  has  fallen ;  but  at 
the  same  time,  during  cast  winds,  with  which  the  baro- 
meter falls,  this  fall  is  more  rapid  on  the  day  of  rain  than 
on  that  which  precedes  it.  Something  analogous  occurs 
with  the  fall  for  west  winds. 

The  rapid  rise  which  accompanies  the  rotation  from 
west  to  north  furnishes,  according  to  M.  Dove,  a  simple 
means  of  finding  the  direction  of  the  rotation  in  a  given 
place;  ten  observations  with  the  N.W.  are  sufficient  for 
this.  When  we  confounded  the  phenomena  of  the  west 
with  those  of  the  east,  we  always  wished  that  the  barometer 
should  rise  or  fall  before  rain,  and  we  were  thus  involved 
in  an  inextricable  labyrinth  of  contradictions.  When, 
during  the  conflict  of  the  south  and  north  winds  that  blow 
in  the  west  semicircle  of  the  card  of  winds,  all  the  vapour 
in  excess  in  the  former  is  precipitated,  then  the  N.E.  wind 
that  blows  from  a  colder  country  to  a  warmer,  and  the 
capacity  of  which  for  the  vapour  of  water  incessantly  in- 
creases, does  not  precipitate  any  aqueous  vapour  in  the 
state  of  rain ;  and  thus  fine  weather,  or  very  dry,  has 
been  placed  opposite  to  the  point  where  the  barometric 
column  remains  when  this  wind  blows.    If  the  barometer 
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fftlls,  wc  Rft;  it  ia  going  to  rain ;  we  ought  to  mj,  the  «oiitll 
wind  is  goiae  to  blow  again.  It'  we  undentand  by  fall 
before  rain,  toe  time  during  whicb  the  wind  is  goic"  from 
the  N.K.  to  the  east  and  south,  then,  without  contradictioD, 
the  barometer  (alls  before  run.  But  it  is  erident  that  ihig 
is  cotmectiDg  together  two  phenomena,  whicb  have  no  rcla- 
^n  together,  "I  given  by  i^bnits,  and 

then  revived  u.  if,  will  he  always  incom- 

plete, because,  i  uiar  or  contrary  rotation, 

the  ph&nomena  i  two  semi'CiiciuiifereQce&. 

the  east  and  thi  )f  winds. 

In  coniimr  temperature  with  that 

the  winds,  and  ;e  «  the  iustmment  from 

morning  till  i  ■ent  winda  (vide  p. 

M.  Dove  arriv  results: — 

In  the  we>  ice  of  the  card  of  winda, 

SDOW  succeeds  1  it  is  the  contrary, 

Snaw  with  .  ices  fre^h  froat,  with  eatf 

winds  it   [ireceae  .      -     - 

cold,  is  irii,' ;  for 
with  east  winds. 

Would  we  apply  these  principles  to  accidental  varia- 
tions,  they  are  thus  explained:  snow  with  a  fall  of  the 
barometer  is  transformed  into  raio ;  rain  with  a  rise  of  the 
barometer  is  transformed  into  snow.  Snow  with  a  risiDg 
barometer  indicates  a  more  rigorous  cold ;  with  a  fall,  a 
milder  temperature. 

It  follows,  also,  that  it  cannot  snow  during  severe  cold ; 
for,  when  the  north  wind  becomes  predominant,  and  drives 
away  the  south,  there  is  no  eicesa  of  water  in  the  atmo* 

A  continued  high  temperature  after  rain  annotmcea 
fresh  rains ;  for,  in  the  east,  it  depends  on  the  regular  pre* 
dominance  of  the  south  wind.  In  the  west,  it  rises  from  a 
change  in  a  contrary  direction  to  that  of  regular  rotation — 
a  change  which  will  be  compensated  by  the  return  of  the 
normal  state,  and  which  will  consequently  induce  a  fireah 
precipitation  of  aqueous  vapour. 

In  the  western  half  of  the  card  the  coldest  wind  blows 
below,  as  being  the  heavier;  in  the  eastern  half, the  warmer 
gradually  absorbs  the  colder  from  above  downwards.  With 
rain,  the  wind  from  below  will,  at  a  mean,  have  a  greater 
barometric  height  than  the  wind  above ;  so  that  the  neight 
of  the  barometer  during  rain  will  be  leas  than  the  mean  of 
the  wind  in  general,  since  it  is  during  rain  that  one  drives 
away  the  other.    The  difference  existing  between  the  ban>- 


no  BAIN.  SIS 

metric  hciebt  of  a  rain  wind,  md  the  meut  height  of  the 
same  wind^  will  depend  on  the  barometric  value  of  the 
winds,  and  on  tbu  rapidity  with  which  they  replace  each 
Other.  In  winter,  the  barometric  differencea.of  the  winds 
attain  their  tnaximum,  and  their  changes  are  very  luddea; 
at  thia  period,  also,  the  difference  between  the  rain  mean  of 
a  wiud  and  the  general  meau  is  as  great  as  possible.  In 
high  latitudes,  the  aqueous  vapour  falls  in  the  slate  of 
anow  :  it  ia  with  snow,  therefore,  that  the  barometer  re- 
mains most  below  the  general  mean  ;  but,  if  rain  and  snow 
fall  during  the  aame  rotation  in  the  card  of  winds,  then  the 
rain  corresponds  to  the  lesser  height. 

The  substitution  from  below  upwards  of  the  colder  for 
the  warmer  wind  on  the  west  side  of  the  compass  announces 
the  simultaneous  formation  of  clouds,  their  precipitation  in 
the  form  of  snow  or  rain,  and  a  rise  in  the  buomcter.  The 
wind  otlen  precedes  the  other  phenomenal  whilst,  in  the 
east,  the  formation  of  clouds  precedes  the  wind.  In  the 
west,  the  formation  of  clouds  occurs  from  below  upward; 
in  thu  cast,  from  above  downwards.  Wlien  the  clouds  cease 
to  foriii,  as  the  north  wind  becomes  predominant,  they  are 
said  to  tear  up,~a  pbeuumenon  very  uifl'erent  iVom  the  dis- 
solution of  the  cuiatiliu,  which  taices  place  on  fine  days 
when  the  ascending  current  begins  to  cease.  Sudden  forma- 
tions uf  clouds  belong  to  the  west,  where  rapid  mixtures  are 
made ;  their  successive  developement  occurs  in  the  east :  the 
cumiih-stratut  is  peculiar  to  the  west,  the  cimu  to  the  cast. 
The  latter  is  a  precipitation  due  to  the  iiiter\ention  of  a 
luorc  south  wind ;  tbe  former,  a  precipitation  determined  by 
a  cold  wiud  peneli'ating  into  a  warm  air. 

In  our  climates  thmgs  frequently  happen  thus ;  how- 
ever, on  comparing  the  range  of  the  barometer  with  tbe 
modilicntions  of  the  atmosphere,  we  ottea  observe  a  different 
succession  in  the  phenomena.  I^  us  not  forget  in  the  out> 
set  that  the  direction  of  the  wiud  sometimes  varies  in  points 
that  are  very  near  to  each  other;  the  barometric  height  is 
then  attached  to  a  wind  to  which  it  doe«  not  correspond. 
Moreover,  we  must  not  only  take  account  of  the  tempera- 
ture and  the  moisture  of  the  mass  of  air  that  arrives,  but 
also  of  the  same  elements  in  the  air  surrounding  the  ob- 
server. If  this  dr  is  very  moist,  there  will  be  a  much 
greater  probability  of  rain  than  in  the  opposite  case.  Such 
a  relative  stale  may  prevail  for  whole  seasons,  to  which  it 
impresses  its  character.  In  this  point  of  view,  I  may  refer 
to  tbe  two  summers  of  1834  and  1838.  D urine  the  former, 
the  east  winds  prevailed,  and  it  waa  remarkably  warm. 
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AMiilst  the  barometer  was  falling,  the  Aj  became  covered 
wiih  rimu ;  then  came  thick  cmmuhuj  of  a  deep  bine ;  ram 
seeniod  near  at  hand,  and  a  storm  was  expected;  bat  tbe 
vapours  were  soon  dissipated  in  the  atmosphere.    This  is 
csi)eciallj  the  case  if  a  few  drops  of  nun  have  ftllen,  and  the 
clouds,  at  the  end  of  some  hours,  have  disappeared.    la 
the  wet  and  cold  winter  of  1838,  things  went  on  differeiitlr. 
The  S.  W.  winds  so  tilled  the  atmosphere  with  vapoar%  thit 
it  was  alwavs  saturated,  and  each  change  of  wind,  each 
oscillation  of  the  barometer,  was  attended  with  violent  lains. 
Scarcely  were  the  clouds  broken  up  when  the  moist  lei- 
wind  brought  a  fresh  supply,  without  the  east  wind  beii^ 
at  anv  time  able  to  drive  them  away. 

\Ve  should  never  lose  sight  of  all  these  circumstances, 
when  we  wish  to  estimate  the  value  of  barometric  oscOla- 
tions.  Add  to  this,  that  meteorological  instruments  onlj 
tcll  us  what  is  going  on  in  the  place  where  they  are  sitih 
ntcd.  If  we  could  know  the  mean  heat,  and  the  degree  of 
humidity  as  well  as  the  direction  of  the  wind  in  all  rtgiov 
of  the  atmos]>here,  then  we  might  foretell  the  weather  with 
great  certainty.  A  single  example  is  siifficient  to  prove 
this.  Suppose  that,  at  the  height  of  1300  metres,  the  dew- 
point  is  at  zero:  if  the  tcmiwrature  is  only  l^  above  aro, 
there  will  ere  long  bo  formed  several  isolated  clouds,  that 
%vill  1)0  easily  dissipatoil  by  the  sun;  if  the  temperamre 
foils,  on  the  contrary',  to  —1',  there  will  l»e  rain.  But  it 
these  heights  there  are  much  greater  variations  of  tempen- 
ture,  oven  when  the  theruuunetor  at  the  surlace  of  the 
earth  does  not  move.  At  present,  we  are  in  want  of  oltser- 
vations  made  on  more  elevated  si)ots  in  order  to  prove  thi« 
assertion  hv  facts;  for  the  small  number  of  places  on  the 
Alps  for  which  we  jwssess  series  of  any  length  are  situated 
in  valleys,  where  local  currents  change  the  direction  of  the 
general  winds.  A  ccmparL^on  of  observations  made  duria? 
one  year  by  an  innkoeiKT  who  dwells  at  the  Bnickcn 
(1140"'),  with  those  at  Halle,  shews  this  most  evidently 
At  a  mean,  the  thermometer  on  the  Brocken  is  5',S4  lower 
than  that  at  Ilalle;  this  difterence,  however,  varies  with 
the  ditferent  winds.  The  differences  of  temperature  are 
greater  at  Halle  on  those  days  when  it  rains  or  snows. 
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CB6  or  TBMPEBATURB  BBTWBEN  IIAIXB  AND  TUB 
BBOCKBN  DURING  DIFFBBENT  WINDS  AND  BAIN. 


WINDS. 

GENERAL 
MEAN. 

DAYS 
OF  BAIN. 

N. 

5°,78 

6°,53 

N.E. 

5,70 

6,10 

E. 

5,01 

6,44 

S.E. 

4,51 

4,86 

S. 

5  ,03 

6,26 

S.W. 

6,24 

6,36 

w. 

6,31 

5,96 

N.W. 

6,62 

6,03 

(Vide  Appendix,^.  36.) 

Many  consequences  are  derived  from  this  table.  First, 
the  difference  of  temperature  between  Ilalle  and  the  Brocken 
is  less  by  1°,9  with  east  than  with  west  wiuds ;  the  decrease 
of  temperature,  therefore,  is  less  rapid  with  east  than  with 
west  winds :  and  this  difference  is  about  one-third  of  the 
difference  of  temperature  between  the  two  places.  A  con- 
sequence follows,  which  we  have  already  pointed  out.  If 
we  compare  the  relative  moisture  of  east  and  west  winds, 
we  may  believe,  from  hygromctric  observations  made  in  the 
plain,  that  the  difference  is  not  so  great  as  the  frequency  of 
rains  would  seem  to  indicate.  But  with  east  winds  the  de- 
crease of  temperature  is  much  slower ;  and,  if  the  teiLsion 
of  the  vapour  diminishes  in  the  same  proportion,  the  tem- 
perature of  the  air  during  east  winds  does  not  approach  so 
near  the  point  of  saturation  as  during  west  winds,  and  rain 
is  less  probable,  even  though  the  hygrometer  in  the  lower 
strata  should  be  near  the  point  of  saturation  :  this  happens 
principally  in  winter.  In  1838,  during  the  months  of 
January  and  February,  the  air  was  constantly  saturated 
with  the  vapour  of  water,  and  yet  there  was  not  a  cloud 
over  the  sky;  but^  in  this  case,  the  lower  strata  were  so 
cooled  by  radiation,  that  on  the  Brocken  the  thermometer 
was  sometimes  10°  higher  than  at  Halle. 

We  shaU  see  presently  that  during  ram  the  difference  of 
temperature  between  the  plain  and  the  mountain  is  greater 
ihan  the  mean  difference.  Excepting  with  the  S.E.,  which 
imrely  brings  rain,  the  difference  is  5^84  greater  than  the 


i 


mean ;  anil  with  this  wind  only  the  decresBe  of  temperRluic 
is  not  BO  rapid  m  the  me&n  decrease.  Tbu»,  every  tfiing  elie 
being  L-qual,  ruin  is  much  more  probable,  as,  the  demsse  of 
temperalure  with  the  height  is  more  rapid  ;  and,  if  we  km'w 
this  decrease,  the  indications  of  the  barometer  would  be 
much  more  inteir"'    " 

I..ong  Hcries  1  its  beyond  doubt.    Indeed, 

as  tile  decrease  iries  with  the  seasons,  ajid 

even  uith  the  hmEj  utile  p.  21 1),  I  have  taken 

for  each  day  the  1        i-  -■  ig  at  6,  2,  and  10  p.m.;  I 

compared  the  raeatj_  -  j:  each  wind  with  the  general 

mean  of  the  month.  muc  for  the  mcana  pre- 

VEuling  during  im  ei  these  with  the  general 

mean  of  Ihe  mon'  ^  The  winter  daring  which 

I  made  my  obaei  ^  vi  larkable  for  the  predomi- 

nance (if  dry  eaSb   ■■inds.  decrease   of  temperature 

lieini,'  t1iu9  slower  than  the  menu,  it  is  certain  tliat  the  dit- 
ference  of  temperature  obtained  is  lesa  than  that  which 
would  he  derived  from  several  years  of  iibstrvafions.  The 
same  remark  for  the  west  winds  that  prevail  throughout  the 
summer.  Scries  of  several  years  would  enable  us  much 
more  readily  to  set  off  the  difference  of  the  means  relalbg 
to  different  winds  and  to  rain ;  for  certain  winds  have  never 
been  accompanied  with  raiu  in  winter.  Others  have  been 
constantly  rainy  in  summer:  thus,  when  accompanied  with 
rain,  their  temperature  is  not  very  different  from  their 
general  mean. 

OF    THE    BAROMETER     DURING    TEMPESTS.— 

flTien  the  temperature  is  very  high  on  one  spot  of  the 
earth  and  very  low  on  others,  the  equilibrium  can  no  longer 
be  prewrved;  a  portion  of  the  air  passes  away  from  the 
hotter  to  the  colder  regions,  and  the  pressure  is  different  in 
countries  which  arc  at  a  greater  or  less  distance.  These 
changes  arc  rarely  brought  about  without  agitation :  the  ur 
moves  with  velocity,  and  tempests  are  the  result.  The 
barometer  oscillates  and  falls  rapidly,  and  rises  again  in  the 
same  manner.  These  characteristic  oscillations  are  made  at 
short  intervals ;  they  are  irregular,  and  should  be  regarded 
as  a  consequence  of  the  inequality  of  pressure  that  gives 
rise  to  the  temi)est.     What  wc  have  said  concerning  winds 

It  AtlM  will  on  the  BiwVen  Juillf;  Ihe 


It  Siiilibai^a  (lu.  77'  Siy.  height  S60").  The 
mlure  in  (*r  up™  a(>naip*frf ,  mule  U  Boiekop. 
e  b&llDUiu,  no  leu  clearlir  lodlcuo  Ui«  ume  r» 
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taMj  conflrme  this  optnioD.  Continued  tempests  (for  I 
am  not  speaking  of  those  which  last  merely  for  a  few 
minutes)  are  almost  alwajs  preceded  Iw  great  barometne 
oacitlations,  whicb  as  it  were  announce  their  approach. 

These  oscillations  are  not  generally  noticed,  and  the 
barometer  is  merely  said  to  be  very  low.  This  law  is  not 
{[eneral.  With  us,  the  most  Tiolent  tempests  are  brought 
with  the  S.W.  wind,  and  the  barometer  then  falls  very 


wind  blows  violently  from  the  N.W.  and  afterwards  passes 
to  the  N.E. ;  the  temperature  falls  j  and,  although  the  wind 
blows  as  Btrongly  as  in  the  former  case,  the  barometer 
rises.  I  hare  often  observed  this,  and  particularly  during 
the  tempests  of  January  14and  \5,  1827.  For  several  day* 
tbe  sky  was  cloudy,  uie  winds  blew  from  the  west,  and 
torrcnls  of  run  fell.  On  the  14th,  clouds  came  from  the 
8.W.  with  extraordinary  rapidity ;  tiles  were  carried  away 
from  the  roofs  by  hundreds;  the  rain  fell,  but  the  tempei- 
sture  continued  becoming  milder.  In  the  night,  the  wind 
turned  to  the  north;  on  the  ISth,  it  blew  from  the  north 
and  the  N.W.,  and  the  barometer  ruse  Teiy  rapidly.  The 
following  was  the  height  of  the  two  instruments : — 


/ANDABT. 

uou-s. 

B«o».r™. 

mm. 

13 

10' evening. 

748,78 

-0^1 

U 

8  morning. 

738,49 

+3.2 

10 

736.06 

4,0 

12 

736,05 

4,5 

2 

734,65 

5  ,4 

4 

731,88 

6,2 

6 

730,32 

6  ,3 

B 

727,48 

6  ,6 

10         „ 

729,53 

6  ,2 

11 

731,20 

6  ,2 

15 

8  morning 

739,87 

1  ,4 

" 

10        „ 

741,94 

1  ,2 

{Vide  Appendn,  /^.  37.) 
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Kantieal  men,  wbo  hare  to  gnti  >■  farfcwyhtawihg 


he  pTCCvmbry 
if  their  eonne 


■ton  attributed  tbe  neeai  irilh  wbUi  lie  riiay  k 
how  to  antitipnte  gakaof  wind  to  tlwaonMsHyirioi^ 
be  obwmd  the  baraineter;  »niiiwfcf  libum,  ttii  1> 
predicted  tempests,  serenteen  oat  of  cJg^tMS  tiMM,  It  «»• 
mlting  the  liarunicter.  Mj  own  obaorvatiaBi  Hcv  dat 
we  *honId  fear  a  gsle,  especially  in  wintv,  irim  tka  Aw> 

ii  high  and  the  barometer  foddenlf  htk.    O^m, 

id  obtierved  the"  ' '""  ''"  ' ' ' 

Tioleiit  M  HhIIc,  bat  it 
Germany  and  Europe.    I  might 
amplei  of  this  kind,  bat  whoerer 
obwrre  for  himself. 

The  want  orBimultaneonsobservatioDs  OD  aMiatnua- 
her  of  point.!  does  not  permit  of  our  following  Oat  ptaaa-  I 
tnenon  into  \U  dittuJs.  When  the  ur  mores  lafidlj  fi^  I 
one  region  ki  nnolher,  the  tarometer  will  fsll  in  the  Ibma  I 
and  rise  in  the  latter.  It  is  a  wave  that  riaea  in  one  pcMt 
and  fall*  in  another;  but  it  would  be  no  easy  matter  tt 
determine  its  form,  because  we  do  not  know  how  much  taA 
of  these  points  is  elevated  above  the  tnean  of  tbe  aea.  Ibt 
observations  randc  in  Europe  are  not  sufficient  for  tbe  Hi*- 
tion  of  the  problem :  falls  of  several  centimetra  often  tike 
place  over  Uie  whole  sarfoce  of  Europe,  and  we  most  nek 
for  the  corresponding  rise  in  Asia  and  America.  Observoi 
of  antiquity,  such  as  Woodward,  WalUa,  and  otheia,  bad  evea 
found,  that  in  west  Europe  the  barometer  fell  or  niae  niniil' 
taneously;  BraiidaaandPletatafterwardsconfinnedthB&ct. 
But  though  the  direction  of  the  oadllations  be  the  same  orer 
a  great  siuface,  their  amplitude  is  not  so ;  this  n  partieulailT 
observable  when  we  ore  calculating  the  differencea  of  lerd 
of  tn-o  places  bv  means  of  tbe  barometer.  Thus,  at  difiinmt 
periods  I  fouQa  differences  between  Berlin  and  Halle,  which 
were  filW  metres  above  or  below  the  mean  difibrencc  of 
level.  The  comparison  of  Halle  and  Paris  has  given  still 
greater  deviations.  Let  us,  therefore,  admit  that  the  baro- 
metric pressure  attains  its  maximum  in  any  place,  and  con- 
tinues aiminishing  along  all  the  radii  of  a  circumference  of 
which  this  point  is  the  centre,  disappearing  at  the  distance  of 
several  hundred  myriamctrea  where  the  instmmait  u  tmud 
to  be  above  the  mean  of  the  place.  Brandaa,  in  his  Jf<<Mr»- 
iagical  Hatary  for  Oie  year  1763,  relates  fhctswhkbcoiifiRB 
what  we  have  nid.  He  compared  ofaserration*  nude  in 
Europe,  fVom  Uafta,  near  Liahon,  to  Tomeo  and  St  Pelen- 
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targ ;  and  he  taw,  that  the  barometer  fell  in  one  point  while 
U  roae  in  a  distant  point  He  recognised  that  these  oscil- 
latioiis  were  accompanied  by  changes  in  temperature.  The 
t(dd  was  very  intense  in  the  first  days  in  January;  but 
iboiit  the  5th  it  diminished  rapidly  in  Germany  and  France. 
At  Tomeo  and  St  Petersburg,  on  the  contrary,  the  thermo- 
meter  fell ;  and  in  this  latter  town  it  fell  on  the  9th  as  low 
M  — 31°,  during  fine  weather.  Until  this  day,  the  baro- 
meter had  constantly  fallen  in  all  parts  of  middle  Europe. 
At  Berlin,  Sagan,  dopcnhagen,  it  fell  29  or  30""° ;  at  Baden, 
Vienna,  Prague,  Erfurt,  Gottingcn,  24*"™;  at-Wurzburg, 
20*";  at  Miumheim,  18'"°»;  at  Munich,  IC""";  in  Switzer- 
land, 7°*".  At  La  Rochellc,  it  remained  at  the  mean  height ; 
at  I^Iarseilles  and  at  Rome,  it  fell  from  the  6th  to  the  7th, 
and  it  then  rose  again  until  the  9th ;  at  St  Petersburg  and 
Tomeo,  where  the  thermometer  had  fallen,  the  barometer 
had  risen  ll"*"  in  the  former  town,  and  16"™  in  the  latter. 
There  was,  therefore,  a  space  included  between  Berlin, 
Sagan,  and  Copenhagen,  wliere  the  relative  heat  attained  its 
maximum ;  and  it  is  from  this  centre  that  the  height  of  the 
barometer  continued  increasing  along  all  the  radii.  One 
portion  of  the  air  was  displaced  towards  the  north,  which  is 
much  colder:  this  movement  of  the  atmosphere  extended 
beyond  the'  limits  of  Europo.  The  same  day,  when  the 
barometric  pressure  was  so  feeble  in  Europe,  it  was  very 
strong  at  New  York  and  at  Ipswich  in  the  north  of  Ame- 
rica. Beauchamp's  observations  at  Bagdad,  in  the  interior 
of  Asia,  prove  that  the  thermometer,  in  the  morning  of  the 
10th,  fell  there  to  — 1^2,  and  that  the  barometer,  which 
from  the  5th  to  the  8th  had  risen  9,G2""»,  attained  its 
monthly  maximum^  and  was  13™"  above  the  mean.  Thus, 
then,  at  Ipswich,  Bagdad,  and  St.  Petersburg,  the  temperature 
bad  sensibly  fallen ;  and  we  can  understand  that  the  more 
highly  heated  air  of  Germany  would  pass  away  from  this 
coast  and  induce  a  rise  of  the  barometer.  There  was, 
therefore,  a  warm  region  with  a  feeble  pressure,  and  a  cold 
region  with  a  very  strong  pressure.  Between  these  two 
regions  every  imagmable  condition  was  found.  If  we  place 
the  limit  at  the  spot  where  the  barometer  had  preserved  its 
mean  height,  and  had  not  greatly  oscillated,  we  may  join 
these  points  by  a  line  passing  through  La  liochelle,  Mar- 
seilles, and  Rome ;  then  passing  to  the  east  of  Hungary  and 
to  the  north  of  Stockholm  and  Tomeo,  so  as  to  form  a  re- 
entering curve. 

The  masses  of  air,  between  which  the  equilibrium  was 
thus  broken,  moved  with  great  rapidity.    On  the  evening 
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of  January  a,  there  was  a  violent  jale  in  south  Ge^mul]^ 
At  Ratisbon  it  lasted  from  eight  till  nine  in  the  ever' — 
and  began  again  at  ten.  At  Mannheim  the  tempest  __ 
felt  in  the  night  from  eight  till  ten ;  it  eame  from  tba 
W.S.\V,  On  St.  Gothani,  and  in  Ravaria,  the  dayi  from 
the  8th  to  the   "  ■  "      "  "  ■  were  very  storniy.     At 

Prague  there  wa  the  night  from  nine  till 

ten ;  but  the  sto  r  to  have  continued.     At 

Sagan  a  violent  l.W.  hlew  from  the  9th  to 

the  lllh  of  Jam  le  wind  via  fresh  ;  but  it 

became  violent  the  11th.     At  Goltingen, 

there  vns  agre  i  the  evening.    At  Copen- 

hagen, it  appeal  irely  some  wind  about  nine 

o'clock.     In  all  indcamc  from  the  weet; 

at  Marseilles,  ai  I,  from  the  N.W. ;  in  the 

centre,  and  in  t4.^  _  m  —     lany,  from  the  S.W.  and 

the  west.  In  Italy  »  vtas  vanihle  without  being  very 
violent.  On  the  Btn  and  the  9th  It  blew  strongly  from  the 
S.E.  at  Stockholm  ;  from  the  east  at  St.  Petersburg  ;  from  l!le 
N.W.  at  yjij-dberg,  in  Norway ;  from  the  west  at  Bagdad. 
In  a  word,  says  Brajidea,  it  seemed  that  a  strong  pressure 
of  the  atmosphere  at  St.  Petersburg  and  at  Torneo,  had  de- 
terminal  in  the  north  the  establishment  of  a  cutjent  coming 
tiom  the  east;  whilst  a  no  less  powerful  pressure  in  the 
Muth  and  west  regions  drove  the  air  in  the  direction  from 
S.W.  to  X.E.,  in  order  to  compensate  the  feeble  pressure 
existing  in  north  Germany.  All  that  we  know  respecting 
the  fonnation  of  winds  renders  this  explanation  very 
plausible.  This  also  explains  to  us  why,  according  to 
BcoreabT'a  observation,  the  tempest  does  not  commence 
until  the  barometer  has  attained  its  mimmum.  As  long  as 
there  is  an  ascending  current  in  the  neighbourhood  of  the 

Sound,  the  thermometer  falls;  it  does  not  rise  until  the 
iver  currents  arrive  to  fill  the  vacuum.  These  S.W.  winds 
bring  with  them  a  mass  of  vapours,  which  resolve  itito  rain. 
In  the  example  that  we  have  just  seen,  there  was  a 
sort  of  compensation  in  Europe  between  the  different  lieigbu 
of  the  barometer.  This  docs  tmt  always  happen,  and  we 
often  find  ereat  differences  at  the  surface  of  our  continent. 
This  was  the  case  on  the  21st  of  December,  Let  ua  take 
another  tempest  of  the  year  1783.  The  barometer  fell 
very  low  till  the  9th  of  February,  especially  in  the  centre 
of  England;  thus,  at  Lyndon,  in  Rutlandshire,  where  it  wii 
lowest,  it  was  31™"  above  the  mean.  The  region,  in  which 
it  was  30""  l)clow  the  mean,  may  he  marked  out  by  a  line 
running  from   the  west    of  Franecker,  passing  through 
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Amsterdam,  and  then  through  south  Germany.  The  line, 
where  it  was  at  t29"",  is  directed  from  Middleburgh  to 
St.  Male.  That,  where  it  was  at  27°"",  leaves  the  south 
of  Middleburgh,  traverses  Iceland,  leaves  Dunkirk  to  the 
nortli,  and  is  directed  towards  Paris,  and  thence  toward 
the  centre  of  Britain.  The  zone,  where  the  barometer 
was  25""  below  the  mean,  goes  from  Brussels  directly 
toward  the  south,  then  to  the  S.W.,  by  Orleans  toward 
Lm  Rochelle;  that,  where  it  was  only  20"""  below  the 
mean,  goes  from  Guttingen  to  Mnyence,  to  the  north  of 
Ifetz,  to  the  south  of  Troyes,  to  the  north  of  Limoges, 
and  terminates  in  the  direction  of  Bordeaux.  At  Copen- 
hagen the  barometer  was  18°>"*  below  the  mean;  and  this 
■one  is  limited  by  a  curve,  which  is  directed  toward  the 
mnth  of  the  coast  of  Erfurt,  then  to  the  S.W.,  toward 
Wurzburg,  through  Alsace,  toward  Lyon  and  the  west 
I^renees.  The  barometer  was  16""  below  the  mean,  in  a 
r^on  limited  bj  a  line  joining  Spydberg,  in  Norway  and 
Stockholm,  passmg  to  the  east  of  Berlin,  going  to  the  north 
of  Ratisbon,  to  Munich,  and  to  the  south  of  Geneva  toward 
Dauphiny.  The  barometer  was  13"*"  below  the  mean  at 
the  south  of  Sapm,  at  Prague,  Ratisbon,  on  Mount  St. 
Gothard,  in  certam  parts  of  Dauphiny,  and  at  Montpellicr. 
It  was  11"*"  lower  at  Marseilles,  and  at  Mont  Louis,  at  the 
foot  of  the  Pyrenees.  Finally,  at  Buda  and  Padua,  it  was 
9""  ;  at  Mafra,  10"'" ;  at  St.  Petersburg  and  Tomeo,  at  Ik)u- 
logne  and  Rome,  7""  below  the  mean. 

In  Europe  these  variations  are  all  in  the  same  direction, 
bat  much  more  extensive  the  farther  we  go  from  the  centre 
of  England.  Brandes  notices  that,  on  the  8th  of  February, 
the  barometer  at  New  York  was  20  or  22"*"  above  the 
mean ;  and  the  obser\'utions  at  Bagdad  shew  that,  from  the 
8th  at  noon  to  the  same  hour  of  the  9th,  it  rose  12™".58  ;  a 
cousiderablc  quantity  for  this  country.  At  the  same  time, 
the  thernionietcr  had  fallen  more  than  10°,  and  the  wind 
had  turned  to  the  north.  In  the  greater  part  of  the 
European  countries  only  small  oscillations  of  the  ther- 
mometer were  observed,  but  there  were  tempests,  storms, 
and  rain.  After  these  tempests,  the  barometer  rose  very 
fast  in  Europe,  whilst  it  fell  at  Bagdad,  where  the  tempera- 
ture rose  without  cessation.* 

*  Dnrlng  the  violent  tempest  of  January  7tb,  IS39.  the  barometer  fell  at 
Edlnbui*gh  to  7f>2*>",30;  thid  minimum  occurred  at  half-past  five  in  the 
morning.  At  Altona.  M.  RcnuMAniER  proved  that  the  minimum  occurred 
belveen  9  p.m.  and  midnlxht ;  but  it  did  not  fall  to  low  aa  Edinburgh  :  for 
at  fbrty  mlnuteH  patit  eight  It  was  still  at  7 1 6"«,H.  ( Compiet  rendu*  de  PAcad. 
ies  Seifncet,  t.  viii.  pp.  176  and  309.     IH39.)— M. 
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The  great  depTCflBioiL  of  meRmy  olaerred  m  tlMSR 
is  due  to  the  constaney  of  the  sontli  windi^  which  fiir 
time  predomiiiate  OTer  thoee  from  the  CMt.  Itoecnnmiidk 
more  rarely  after  north  vinda.  When,  dnripg  ili  monad 
rotation,  the  wind  suddenly  tnma  from  the  tooth  to  the 
north,  it  often  happens  that  a  notable  rise  sneeeeda  a  ray 
considerable  fiJl.  M.  de  Bocih  inaiata  cm  thia  drcmnrtaaw 
*^  All  they,**  says  he,  "who  are  in  the  hmfait  of obaemDg the 
barometer  know  Teiy  well  that  in  winter  the  two  eitmnw 
often  occur,  with  but  a  few  days  intenrenii^ ;  and  I  ibaakl 
have  remarked  that  the  barometer  rises  much  faster  than  it 
&1Ul**  All  the  observations  that  I  have  compared  eoafini 
this  fact,  which  is  a  necessary  consequence  of  the  lav  of 
rotation,  discovered  by  M.  Dove,  and  of  the  inflncnee  of  the 
wind  over  temperature  and  pressure.  Ahondant  rains  aie 
the  consequence  of  these  mixtures  of  air.  If  the  noitii 
wind  predominates,  the  clouds  disappear,  and  the  increase  ef 

Sressure  is  accompanied  by  a  veiy  mtense  radiatioD,  whiA 
etennines  cold,  nowever,  it  is  only  when  the  haraaader 
rises  slowly  that  we  must  expect  a  continued  cold:  if  the 
barometer  has  risen  rapidly,  it  is  not  long  in  falling,  bat 
the  second  minimum  is  not  so  low  as  the  first 

W^en  the  barometer  oscillates  much,  we  must  conclude 
that  the  temperature  and  the  weather  will  experience  extra- 
ordinary variations  somewhere  on  the  globe.  Although  the 
lack  of  observations  does  not  permit  of  our  proving  this  truth 
in  its  minor  details,  it  may  be  established  in  general  terms. 
The  years  1821  and  1822  offer  a  remarkable  example  of 
this.  '  About  Christmas,  in  the  year  1821,  the  barometer 
in  Europe  experienced  an  extraordinary  fall.  It  was  fol- 
lowed by  a  very  mild  winter  in  Paris,  and  in  the  other 
cities  of* west  Europe;  the  mean  temperatures  of  Januaiy 
and  February  were  higher  by  scvend  degrees  than  the 
general  mean.  In  the  United  States,  on  the  contrary,  the 
winter  was  very  severe;  the  current  of  the  Gulfstrtam 
was  directed  towards  places  which  it  does  not  usually  visit. 
In  Persia,  according  to  Fraser's  account,  the  winter  was 
ver}'  cold;  as  it  was  also  in  Africa,  where  the  plains  of 
Kordofan  were  covered  with  a  bed  of  snow,  which  dis- 
ap[)eared,  it  is  true,  very  rapidly.  At  Paris,  the  following 
summer  was  drier  and  hotter  by  several  degrees  than  usuu. 
But,  whilst  the  drv  vrinds  regained  their  sway  in  Europe, 
moist  and  violent  winds  constantly  blew  in  India ;  at  Bombay, 
83,7  centimetres  of  rain  above  the  mean  fell ;  and  in  Kor- 
dofan, also,  the  Turkish  army  suffered  much  from  continual 
rains. 
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Somethiiic  analogous  occurred  in  1824  and  1825.  The 
terrible  inun&tion  <n  the  Rhine  in  the  autumn  of  1838,  the 
orerflow  of  the  Neva  at  St.  Petershurg,  the  gales  from  the 
S..W^  which,  according  to  the  oheervations  of  Mtmk  e  and 
Mhnblari  took  place  in  Schlcsvig,  and  in  all  Ilolstein,  are 
a  proof  of  this.  The  barometer  oscillated  incessantly,  and 
die  rains  were  so  abundant  that  every  where,  but  princi- 
pally in  south  Germany,  springs  burst  forth  in  the  streets  and 
Mjiiares  of  the  towns.  In  the  same  year  the  mean  for  the 
wmter  months  was  very  high.  In  Iceland,  on  the  contrary, 
aocordingto  Thorstensen's  observations  at  Reikiavig,  the 
mean  of  December  was  several  degrees  below  the  ordinary 
mean,  and  the  barometer  was  very  hi^h,  whilst  it  was  very 
low  at  Copenhagen.  This  year,  which  was  so  rainy  in 
Europe,  was  very  dry  in  India ;  for  at  Bombay  the  quantitv 
of  ram  was  118  centimetres  below  the  mean.  In  Africa,  it 
appears  that  there  were  violent  gales ;  for,  in  the  night  of 
January  19th,  1825,  the  English  ship,  Clyde^  being  100 
myriametres  from  the  coast  of  AfHca,  was  covered  with 
fine  sand,  which  the  east  winds  had  brought  from  the 
desert.  In  east  Africa,  Ruppei  experienced  violent  storms  : 
phenomena  which  are  very  rare  in  these  countries,  as  may 
De  discovered  from  the  fear  of  the  inhabitants.  laey  ex- 
perienced the  same  thing  in  Upper  E^pt.  In  the  following 
summer,  all  the  north  part  of  tropical  Africa  wa*^  a  prey  to 
excessive  drought,  and  the  inundation  of  the  Nile  having 
ikiled,  there  was  a  complete  dearth. 

The  same  disturbances  were  manifested  on  the  two 
shores  of  the  Great  Ocean.  In  California,  there  were  vio- 
lent tempests  during  the  autumn,  as  there  were  also  at  the 
Sfuidwicn  and  Philippine  Islands.  But  the  trade- winds 
were  no  longer  blowing  regularly  over  the  sea.  These 
fSicts  prove  that  the. anormal  phenomena  of  Europe  are  not 
isolated,  but  are  propagated  over  the  whole  circumference 
of  the  globe. 

In  order  to  demonstrate  this  truth,  I  will  further  relate 
the  following  observations.  We  know  that  the  winter  of 
1829-30  was  one  of  the  coldest  that  had  occurred  in  Europe 
for  a  long  time ;  this  same  winter  was  so  mild  in  America, 
that  there  was  no  ice  on  the  west  coast :  which  jKTmitted 
Captain  Robs  to  advance  so  far  to  the  north. 

The  mildest  winter  that  we  have  had  for  a  long  time  was 
that  of  1833-4,  but  it  was  preceded  by  violent  disturbances. 
From  the  commencement  of  July,  the  S.W.  winds  prevailed 
in  almost  the  whole  of  Europe.  They  were  frequently  of 
extreme  violence,  especially  at  the  end  of  Aujg^  and  be* 


gmning  of  December  j  the  journiils  were  filled  witb 
of  ahipwreeks  on  the  coai^Isi  of  France  and  Kngtan*    Ib  fl 
the  -AJpa  tbere  nere  tempest*:  &nd  sucb  miiwi  of  m^ 
and  raeh  qnnntities  of  rain  fell,  that  the  inhabrlairi*  wi 
toned  to  take  refuse  id  the  plains  with  tli«r  llucki.  P~ 


msnj  of  th*  inhnbilatils  died  of  hunger, 
were  terrible  inundations ;  but  the  swdling  of  the  Kile  it* 
quite  inngmlicant.  The  contest  belweeit  fhe  nonih  and  the 
north  wmda  v/aa  renewed  several  times  in  the  conrac  of  tlif 
Btttamn;  the  former  alvraj-s  prevailed:  and  tile  mxl 
rarely  blew  from  the  enst  for  several  hours  tofMbiT 
Abandant  mina  full  iu  January ;  the  riven  overflowed  lh«ir 
banka.  The  sonth  winds  extended  over  to  the  region  of  ih 
trade-winda ;  and  ships  ncrc  delayed  in  their  rovtee  from 
France  to  Demerara.  The  thermometer  rarely  fell  m  In 
at  lero;  tree>  put  forth  their  bud.H  in  the  month  of  Jan- 
uary, and  niiui^-  8|>e<:ii3i  i^ui^iued  iu  Lloaioiii  thfriygh—l  - 
the  winter :  around  Halle,  I  obsen-ed  the  Zamiam  pmjm- 
ream,  si-veral  species  of  Crepu  and  the  TUmi  m  ilWi 
Bnt  we  shudder  on  reading  the  deKriptioBRn-cn  ItyCaptril 
Back  of  the  cold  he  endured  in  his  expeditioD  Mnia  Ai 
north  countries  of  North  America.  Id  the  United  StMe^ 
and  in  Persia,  the  winter  was  also  extremely  i 
During  this  conflict  of  land  and  tea  winds,  the  bin) 
Germany  did  not  deviate  mnch  from  its  mean  height ;  brt 
it  oscillated  considerably.  The  weather  was  rough  aad  di^ 
agreeable,  and  qnite  in  contrast  with  Ute  mild  lempentu* 
of  the  preceding  winter.  Finally,  the  east  winds  predooi- 
nated  :  the  sky  became  serene,  and  the  sun  was  aiHe  to 
warm  the  earth.  It  seldom  rained;  and  there  waa  a  genenl 
drought  thronghout  Europe.  Meanwhile,  the  weat  wiodi 
several  times  strove  to  obtain  the  sway  in  the  atmoapbete; 
but,  during  the  contest,  there  were  violent  storms,  mdi  M 
those  of  the  Jth  and  the2Ist  of  July.  On  the21stof  July, 
the  barometer  began  to  fall;  the  sky  was  still  of  mil 

Eurity,  because  the«e  south  winds  ditaolved  all  the  nci; 
ut,  on  the  momingof  the  21st,  the  etm' bqan  to  roulti^. 
In  the  afternoon,  a  violent  storm  formed :  west  winds  pre* 
vailed  above ;  in  the  lower  strata,  all  the  vanes  indicated  u 
east  wind.  Thick  clouds  extended  from  the  wert  to  the 
east,  whilst  all  the  etimidi  moved  from  east  to  wot  In 
proportion  as  the  west  wind  gained  the  Iowh*  levels,  th< 
vapoun  were  preciptated ;  bnt  the  eut  wind  Jnct— ctly 
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droTe  them  back.  The  storm  was  accompanied  with  hail 
•ad  niin.  This  contest  took  place  in  a  straight  line  that  passed 
Above  Halle,  and  was  directed  north  and  south ;  for  several 
dftys  this  contest  was  renewed,  and  its  issue  was  uncertain. 

But,  like  as  currents  of  waters,  flowing  in  opposite  direc- 
tioBfl,  produce  whirlpools,  so  there  were  in  this  case  verj 
abundant  local  showers.  Finally,  on  the  26th  of  July,  the 
cut  wind  obtained  the  mastery  at  Halle,  and  drove  back  its 
antagonist.  On  the  27th,  the  barometer  rose ;  the  weather 
sgain  became  fine,  but  in  the  evening  there  were  violent 
storms  on  the  borders  of  the  Rhine.  On  the  29th,  Holland 
and  the  north  of  France  were  the  theatres  of  this  contest, 
and,  on  the  30th,  a  violent  storm  burst  over  England.  For 
the  space  of  a  month  the  east  i^-inds  maintained  the  weather 
&e,  and  obtained  the  mastery  in  a  contest  that  had  com- 
menced in  the  Alps  on  the  25th  of  August,  and,  by  the 
S7tb,  was  propamited  as  far  as  the  north  of  Germany. 
They  then  prevailed  without  interruption  until  the  middle 
of  October,  when  the  west  winds  prevailed  in  their  turn, 
alter  gales  that  had  lasted  several  days,  and  changed  the 
phjrsiognomy  of  the  weather.  "Whilst  in  Europe  the  sum- 
mer was  remarkably  dry,  the  swelling  of  the  Nile  was  con- 
•iderable,  and  violent  storms  inundated  India  and  China. 

Such  contrasts  arc  not  uncommon  in  Europe,  and,  in 
thb  respect,  the  Alp  often  form  a  remarkable  limit ;  for 
they  separate  the  cbmates  of  the  north  of  Euroi)e  from  the 
Mraiterranean  clunates,  where  the  distribution  of  rain  is 
not  the  same  as  in  the  centre  of  Europe.  Hence  the  difier- 
encea  between  the  climates  of  the  north  and  south  of  France. 
If  the  winter  is  mild  in  the  north,  the  newspapers  are  tilled 
with  the  lamentations  of  the  Italians  and  the  Proven(;uls 
ftt  the  severity  of  the  cold.  Not  to  multiply  examples  to 
no  pur{H)se,  I  will  simply  allude  to  the  first  moi.ths  of  the 
year  1838,  which  were  so  rigorous  in  Germany,  France, 
England,  and  Russia.  At  Lisbon,  on  the  contrary,  the 
weather  was  rainy,  but  very  mild  ;  at  Marseilles,  the  almond- 
trees  were  in  I  loom  in  the  month  of  January ;  at  Naples 
and  at  Algiers,  the  winter  passed  unperceived.  But  this 
proves  that  the  Mediterranean  climates  alone  were  privi- 
leged ;  for,  on  the  other  side  of  the  A])ennines,  at  Bologna, 
and  in  Lombardy,  where  the  climate  resembles  that  of  the 
rest  of  liiurope,  tnc  cold  was  very  intense. 

Thus,  then,  a  great  fall  of  the  barometer,  or  frequent 
oscillations  of  the  column,  prove  that  there  are  meteoro- 
IcMpcal  disturbances  on  the  surface  of  the  globe,  and  conflicts 
of  opposite  winds,  which  change  the  weather.     Further, 
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when  thfe  barometer  Hks  and  falls  rapidjy,  we  miy  affinil  I 
that  tbe  iveatber  nill  be  Tariablc  for  a  long  time.  If  «• 
knew  the  weather  tbat  prevailed  on  the  rest  of  the  globei 
we  might  conclnde  that  which  could  be  expected.  We 
ought  to  know,  when  the  baromi't«r  ie  low,  whether  the 
cold  18  Tcry  intense  in  America  or  in  Ana.  In  the  fini 
case,  the  west  wimi  T^n ;  in  the  second,  tbe 

east  winds  will  b)  rcvcr.  on  etudving  in  the 

spring  the  baroo  lirectioa  of  the  galea  of 

wind,  we  niny  est  robabilities.    If  the  baro' 

meter  has  fallen  c>  ng  S.W.  wiodti,  ami  then 

rises  slowly ;  if  t  im  the  west  to  the  N.W, 

and  remains  in  t  is  a  proof  of  the  predoou- 

nanee  of  wi^st  m  hei  will  be  influenced  by 

them  :  wc  hlw  tl  le  barometer,  on  the  con- 

trary, ris.'s  very  lie  wind  passes  in  a  short 

apace  of  time  fro...  mt-  .j....  ^  ihc  N.E.,  where  it  stopt 
wc  may  c.Tix.'ct  a  prolonged  Gold,  like  that  which  prerailea 

in  m<j. 


VI. 


ELECTRICAL   PHENOMENA 


OP 


THE  ATMOSPHERE. 


These  are  few  men  on  whom  thunder  does  not  make  a 
lirely  impression ;  the  learned  and  the  ignorant  are  equally 
struck  with  the  grandeur  of  this  phenomenon.  The  people 
whom  the  Europeans  have  discovered  in  past  centuncs  re- 
garded it  as  the  sign  of  celestial  anger,  as  did  the  Greeks 
and  Romans.  Also  Jupiter  Tonans  ^as  the  greatest  of  the 
pagan  gods ;  and  in  the  Bible  it  is  said  that  thunder  is  the 
voice  of  the  angry  Lord.  Some  philosophers  of  antiquity 
disputed  this  opinion ;  but  this  prejudice  remained :  and  even 
in  the  present  day  we  hear  sermons  in  which  the  thunder- 
bolt that  falls  on  a  house  is  considered  as  a  punishment 
deserved  by  its  inhabitants.  Some  ancients  considered 
thunder  as  produced  by  emanations  arising  from  the  earth. 
This  idea  was  adopted  by  many  learned  men ;  and,  although 
Aristophanes  ridiculed  it  in  his  comedy  of  The  Clouds,  yet 
the  fear  of  the  gods  always  served  to  weaken  it  inproportion 
as  the  doctrine  of  Epictiras  was  the  more  spread.  Tnis  opinion 
still  existing  at  the  epoch  of  the  revival  of  the  sciences,  thunder 
was  compared  to  the  explosion  of  a  piece  of  artillery ;  and 
it  was  pretended  that  saltpetre  and  sulphur  exist  in  the 
atmosphere.  But,  in  the  middle  of  the  seventeenth  century, 
Otto  de  Gneiicke  having  produced  an  electric  spark,  and 
observed  the  power  by  which  it  is  accompanied,  more  legi- 
timate ideas  of  it  were  conceived. 
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The  pliilosonhere  of  this  epocb  were  for  the  most  pert 
occupied  with  the  laws  of  mechanics,  and  the  knowledge 
of  electric  phenomena  made  little  progrcsa.  But  the  inven- 
tion of  t>ic  l.cTden  jar,  in  1 746,  led  back  the  attention  to  the 
jMvrcrful  effects  of  electricity.  HoUet  ingenioudy  pointt 
onl  the  nnnlogv  lietwcen  thunder  and  electricity,  to  which 
Dr.  PMCftrd,  of    '  "  ~'  imouni.  who  followed  hii 

Ictsons,  had  dr«  "  If  »ny  one,"  f»id  be,' 

"  after  CiimpariE,  undertook  to  prove  that 

thunder  is  in  the  what  electricity  is  in  oar 

own ;  thnt  those  we  now  dispose  of  as  we 

wish,  ar«  iriRiii  ihoee  great  cfTecta  nhiefa 

terrify  n? ;  that  i  Is   on  the  same  mechan- 

ism; if  he  Khouh  III  prepared  hy  the  action 

of  the  wtnd$,  by  iture  of  cxhalatiana,  Ls  in 

respect  to  a  term  Jie  electrised  body  is  when 

in  presence  and  ai  a  w  from  the  one  which  is 

not  so;  i  acknowled^t  <.i&b  <.uu  lea,  if  it  were  well  main- 
taincil,  would  please  me  mnch.  ai  d  to  rapport  it  how  mailf  * 
specious  reasons  present  themselves  to  a  man  well  skilled  m 
electricity !  The  universality  of  electric  matter,  the  speed 
of  its  action,  its  inflammability,  and  its  quickness  in  igniting 
other  matters,  the  property  which  it  bos  of  striking  bodies 
exteriorly  and  interiorly  to  their  smallest  particles,  the 
sin^ilar  e;tample  we  have  of  tliis  effect  in  the  Leyden  ex- 
periment, the  idea  may  lawfully  l>e  maintained  by  supposing 
a  greater  degree  of  electric  fluid,  &c. ;  all  these  points  of 
analogy,  which  I  have  considered  for  some  time,  induce  me 
to  Iwlievc  that  we  might,  by  taking  electricity  for  a  model, 
form  more  enlighlenol  and  truer  ideas  concemiuK  thunder 
and  lightning  than  any  we  have  hitherto  imagined." 

Wnat  Nollat  and  Wlnckler  expressed  as  a  matter  of 
doubt  was  soon  demonstrated  by  d'Allbard  and  Prmmklia. 
It  Vfas  discovered  that  storms,  and  even  every  shower,  is 
accompanied  by  electricity.  They  varied  and  multiplied 
experiments ;  but,  alter  Rlchmamn  was  killed  by  lightning, 
they  proceeded  with  more  prudence.  Before  describing  the 
apparatus  and  analysing  the  electric  phenomena,  I  think 
we  should  call  to  mind  the  elemental  principles  of  the 
theory  of  electricity. 

ELECTRIC  ATTRACTIOMB  AND  RBPOLSIONS.— 
The  effects  of  electricity  developed  by  friction  may  be  easily 
studied  with  glass  or  rcsln.  If  we  rub  sealing-wax  or  glass 
with  cloth,  or  rather  with  leather  spread  with  an  amalgam 
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if  mercury,  tben  light  bodies,  such  as  hair  and  feathers, 
nay  be  attracted  from  a  certain  distance.*  But,  the  better 
^  understand  the  repulsive  force  of  electricity,  it  is  a  good 
[ilan  to  suspend  a  small  piece  of  cork  or  elder-pith  to  a 
diread  of  silk- worm's  silk,  and  to  fix  the  upper  end  with  a 
[lordon  of  sealing-wax.  Silk,  resin,  glass,  and  other  bodies 
irhich  produce  electricity  by  rubbing,  easily  retain  electri- 
afy  on  their  surface,  whilst  metals,  water,  and  all  damp 
tiodieR,  let  it  pass  away  freely.  These  last-named  bodies 
%re  caJled  covkuctors  or  anelectrics ;  the  others,  insuUxting 
twdies,  non-conductors^  or  idio-electrics. 

The  small  suspended  ball  will  l)e  projected  with  Yiyacity 
igainst  a  stick  of  resin  previously  rubbed;  then  it  will 
recede  after  haying  touched  it,  and  it  will  be  repelled  as 
icon  as  the  stick  of  resin  is  brought  near  it.  The  same 
phenomena  occur  if  we  use  glass  instead  of  resin ;  and  we 
thenee  conclude,  that  bodies  which  are  reciprocally  elec- 
trised by  contact  repel  each  other.  The  same  thing  hap- 
pens when  they  have  obtained  electricity  from  the  same 
louroe.  Fasten  two  smooth  and  flexible  wires  to  a  stick  of 
lealing-wax,  and  attach  to  the  extremity  of  each  of  them  a 
small  hall  of  cork.  If  the  two  balls  touch  each  other,  when 
they  are  in  the  natural  state,  they  will  recede  the  one  from 
the  other  as  soon  as  they  haye  been  electrised  by  a  stick  of 
iealing-wax,  and  will  fall  back  on  each  other  as  soon  as  they 
ire  touched  by  the  hand,  because  the  electricity  which  was 
sonuuunicated  to  them  by  the  resin  is  conducted  by  the 
body  into  the  earth. 

These  experiments  exhibit  another  interesting  peculi- 
urity.  If  the  little  ball  has  been  in  contact  with  the  resin, 
ind  is  repelled  by  it,  it  will  be  attracted  more  strongly  by 
the  glass  than  if  it  had  not  been  in  contact  with  the  resin ; 
then,  if  it  touches  this  glass,  it  will  be  drawn  back  and  at- 
tracted anew  by  the  resin.  The  same  results  if  the  expcri- 
nent  had  been  made  in  an  inverted  order:  if  we  brin^ 
Dear  a  ball,  thus  electrised  by  resin  or  glass,  any  electrised 
txidies  whatever,  we  shall  always  find  that  they  will  attract 
)r  repel  it.  But  we  see,  that  those  which  attract  it  when  it 
s  electrised  by  resin  repel  it  when  electrised  by  glass,  and 
reciprocally.  Thus  the  electricity  of  glass  and  resin  have 
;he  common  character  of  attracting  and  then  repelling  light 

*  In  damp  wecither,  doth  which  contidns  cotton  may  lead  to  error.  If 
ire  nxfatly  nib  a  stick  of  gum  lac,  covered  OTer  with  the  fllm  of  moisture 
liat  the  air  has  deposited  on  it,  the  rign  will  be  poslUve  instead  of  negatire. 
X  is  only  by  continuing  Uie  firiction  that  ncq^tlre  electricity  can  be  ob- 
aJned. — M. 
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bodies ;  but  tbe  fact  we  have  just  enunciated  oUIgeft  U»  (0 
admit  tHO  kinds  of  electricity,  of  which  Iltcuneattrocla  what 
the  other  repels. 

es  haTC  been  proposed  lo  esplBin  these 

i  hare  been  adopted  bj  pluloeophera. 

■  :~.  .1^  admitted,  which  arc 


repele. 
ventl  uypothea 

In  the  one,  two 
represented  as  : 
rubbed,  and  'a  c 


developed  on  glas 

ricity  ;  the  other,  on  resin, 

iverj  non-eleclriited  body, 

{iu  each  molecule ;  they 
9  Dot  manifest  their  pre- 
I  attracts  what  the  other 
dies  toother,  then  there  is 
le  one  w  in  a  greater  quan- 
er  of  tbe  two  bodies,  the 
_  ._,        lifest  their  presence  extcr- 

bouiEw  -re oted,  as  in  certain  clcctrk 

uachii]i»,  the  experiment  alwajre  shews  that  one  of  the 
bodiea  is  vilrcoualy  ciectrised,  the  other  resinonsly. 

I  the  second  bypothe»is,  which  ii^  due  to  Fruikiiu, 
is  but  one  uli-clnc  fluid.  Every  liody  in  nature  pos- 
sesses a  certain  quantity  of  it,  and  it  is  then  found  ip  its 
natural  slate,  l''riction  changes  this  state,  inasmuch  as  one 
of  the  bodies  gives  to  the  other  a  part  of  its  electricity. 
Thus  one  posscs.%s  a  superabundant  quantity,  the  other 
bos  less  tlian  its  proper  share ;  or,  as  we  frequently  say, 
the  ODC  has  a  pasiiiee  electricity,  the  other  a  negalhe :  an 
expression  synonymous  lo  vitreout  and  retimius  electricity, 
which  we  shall  somctimeB  designate  by  abridged  notations, 
■fE.  and  — E,' 

Kxpcriment  cannot  decide  between  these  two  hypo- 
theses, which  equally  explain  the  facts  observed ;  and 
a  discussion  on  tlieir  respective  merits  would  be  reduced 
to  a  dispute  of  words.     Let  us  simply  add,  that  it  Is 


called  r._ _ 

each  of  them  ia 
mutually  attract 
scncc  c.\lcmally. 
repels.  But,  if  i 
a  scpanitian  of  t 
tity  than  the  t 
other  in  tbe  latl.. 
nally.     If  the 
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to  distinguish  the  two  sorts  of  electricity.  If  we  ap- 
proach to  a  ball  of  elder  pith,  previously  electrised,  a  stick 
of  resin  that  has  been  rubbed,  it  wiU  possess  negative 
dectricity  if  the  stick  repels  the  ball ;  if  the  ball  be  attracted, 
it  is  because  it  contains  positive  electricity.  In  the  case  of 
the  attraction,  it  is  better  to  repeat  the  experiment  with 
mbbed  glass,  to  see  if  there  be  any  repulsion. 

BU5CTRIOITY  BY  INDUCTION.  —  Conducting  iso- 
lated bodies  may  be  directly  electrised  by  contact,  like  the 
mth  ball ;  but  another  way  exists  of  destroying  the  equi- 
librium of  the  two  fluids  to  a  body  in  the  natural  state. 
If  the  latter  has  the  form  of  a  cylinder,  such  as  a  stick 
coyered  with  ^It  paper,  and  if  w^e  hold,  at  the  distance 
of  several  centimetres,  a  rod  of  glass  previously  rubbed,  it 
will  give  unequivocal  signs  of  electricity,  which  will  be 
more  enersetic  as  the  glass  rod  is  approached  nearer ;  but 
which  will  disappear  as  soon  as  we  withdraw  it.  If  wc 
study  the  nature  of  the  electricity  of  the  cylinder,  electrised 
by  the  influence  of  the  glass  ( -|-E),  we  shall  find  — E  at  the 
end  nearest  the  glass,  and  4-E  at  the  opposite  extremity. 
Each  of  the  two  electricities  diminishes  as  we  pass  from 
the  extremities  towards  the  middle  part,  where  there  are 
no  more  signs  of  electricity.  On  using  a  rod  of  resin, 
previously  rubbed  ( — E),  the  same  results  might  be  ob- 
tained ;  but  then  the  cylinder  would  have  had  -f-E  at  the 
end  nearest  the  resin,  and  — E  at  the  opposite  extremity. 
The  effects  which  sometimes  take  place  m  the  clouds  are 
only  a  consequence  of  what  we  have  seen.  Indeed,  the  two 
electricities  exist,  in  each  molecule  of  the  cylinder,  in  an 
equal  quantity;  but  as  soon  as  we  bring  near  it  a  glass 
rod  that  has  been  rubbed,  its  positive  electricity  decomposes 
the  neutral  electricity  of  the  cylinder ;  it  attracts  — E,  which 
is  concentrated  at  the  nearer  extremity,  whilst  it  repels  4-E, 
which  is  accumulated  at  the  other  end.    As  soon  as  we  with- 


Chimie  et  rfr  Phytiquc,  t.  67),  h«  has  thenco  deduced  that  the  former  are,  and 
could  only  be,  the  result  of  an  une<4ual  distribution  of  the  ethereal  mibstance 
ttaelf  in  the  bodies ;  and  the  latter  only  the  product  of  the  propagation  of 
this  ether  between  the  molecular  intonttices  of  the  conductors,  in  order  to 
rv-establlsh  the  equilibrium  between  the  body  which  possesses  the  most 
of  It  and  that  which  possesses  the  least.  From  the  action  of  burning 
bodies,  which  always  give  the  retmous  sign  to  the  substances  with  which 
tbey  combine,  from  the  constant  presence  of  ponderable  matter  in  all  elec- 
tric phenomena,  and  from  the  powerful  rrainou*  tension  of  the  terrestrial 
^b^  he  has  concluded  that  the  retinous  state  is  indication  of  a  greater 
eoerdon  of  the  r<A«r,  and  that  the  vitrfout  state  is  a  lesser  coercion  than 
In  the  natural  state.  The  words  rwgative  and  poiitive  being  contrary  to 
the  phenomena  such  as  he  considers  them,  he  prefers  the  words  retmotts 
mad  9Ur<ou»t  as  more  insignificant. — M 
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draw  this  glm  rod  the  tiro  eleetrieMei  valli^  nl 

neutralised. 

We  should  haTe  had  the 

flafls  we  had  taken  a  metalHe  aphev^  ieobtod  mad  ekctowi 
y  induction.  In  this  ease  the  experiment  dbetn  ttilihe 
electric  force  Taries  aoeoidinff  to  different  ciremnUHMKi 
If  the  sphere  is  withdrawn  from  eveiy  condwctiiy  ho^, 
then  each  point  of  its  surftoe  possesses  the  same  quaoliU  if 
electricitr ;  hut,  as  soon  as  we  hrinff  it  near  to  the  vtmktt 
the  equilihrium  is  destrqjred,  the  electricity  TriiiHniitsi  «i 
the  portion  turned  towuds  the  cylinder,  and  dliiiiiiiJwi 
in  intensity,  radiating  tnm  this  eentre.  The  neanr  tte 
cylinder  is  to  the  sphere,  the  more  the  intenaity  incraMS; 
l)ecause  the  electricity  of  the  fphere,  \jj  attrncting  the  dee> 
tricity  of  the  contrary  name  of  the  cylmder,  is  attraetei  ly 
it  in  turn,  and  accumulates  in  a  greater  quantity  in  die  eor> 
responding  point. 

Things  Deinff  thus  arranged,  if  we  leave  the 
and  sphere  in  tneir  relative  positions,  hut  eonnectii^  tte 
extremity  of  the  cylinder  that  is  farthest  from  the  sphere 
with  the  earth,  then  the  part  of  this  sphere  near  the  oppo- 
site end  will  be  chargea  wiUi  a  still  greater  quantity  of 
electricity.  If  we  destroy  the  communication  between  the 
cylinder  and  the  earth,  then  we  may  deprive  the  sphere  of 
all  its  electricity,  and  the  cylinder  is  charged  on  the  whole  of 
its  surface  with  the  electricity,  which  was  developed  at  the 
extremity  turned  towards  the  sphere.  If  the  sphere  had 
+£,  it  would  strongly  attract  — E  at  the  nearer  extremity 
of  the  cylinder ;  but  this  attraction  was  wealcened,  hecame 
-f  £  of  the  other  extremity  attracted  »  £  of  the  cylinder, 
and  repelled  +  £  of  the  sphere.  But,  as  soon  as  this  ex* 
tremity  has  been  brought  into  connection  with  the  earth, 
then  +  £  flows  into  the  ground ;  -f  £  of  the  sphere,  snd 
—  £  of  the  cylinder,  can  then  act  on  one  another  with  more 
energy.  If  +  £  of  the  sphere  is  taken  away,  then  —  E  of 
the  cylinder  remains  on  its  surface,  because  4-  ^  has  flowed 
away  into  the  earth. 

These  effects  always  occur,  whatever  he  the  form  of  the 
two  bodies  placed  in  juxtaposition.  Take,  for  example, 
large  metallic  discs,  and  suspend  them  at  a  certain  distance 
from  each  other;  place  the  lower  one  in  connexion  with 
the  earth,  the  upper  one  with  a  source  of  electricity :  the 
lower  one  will  have  its  upper  face  cluuqged  with  a  strong 
proportion  of  electricity,  of^  a  contrary  sign  to  that  of  the 
upper  plate.  This  experiment  enables  us  to  accumulate  a 
great  quanti^  of  electrici^  in  a  conductor,  and  to  retain  it 


there  for  a  long  time ;  for,  if  we  leave  an  imuUled  conductiiig 
body  to  itself,  we  find  that  the  electricity,  which  bu  been 
communicated  to  it,  alwavi  bvcomet  weaker,  and  finally 
disappears  entirely  ;  and  the  faster  in  proportion  as  the  air 
H  damper  and  the  barometer  lower.  Dr;  air  i«  an  iusulat- 
ing  body,  but  the  mobility  of  its  particles  dimiaishei  this 
property ;  indeed,  the  electrised  body  attracts  a  molecule, 
electrises  it,  then  repels  it ;  it,  therefore,  carries  off  a  small 
qoantity  of  electricity.  This  effect,  oa  being  oAgd  renewed, 
nnishet  by  restoring  the  conductor  to  the  neutral  state.  The 
effect  is  still  more  rapid  ihhe  air  be  damp ;  for  the  vapour 
of  water  conducts  the  electricity,  and  diminishes  the  action 
of  isolating  supports  by  depositing  itself  on  their  surface. 
It  b  for  the  same  reason  that  a  conductor  can  only  borrow 
fh)m  a  constant  source  of  electricity  a  given  quantity  of 
fluid.  If  we  turn  the  plate  of  an  electric  machme,  the 
quantity  of  electricity  increases  rapidly  on  its  conductors; 
but  at  the  end  of  a  very  short  time  it  reaches  its  maxiiaum, 
and  it  is  in  vaiu  to  turn,  there  is  nu  further  augmentation. 
It  is  because  the  air  carries  off  from  the  conductors  every 
tnoQient  as  much  electricity  as  they  receive. 

The  phenomena  due  to  electricity  by  induction  prevent 
the  loss  of  electricity.  In  the  experiment  of  the  two  discs 
auspended  over  one  another,  -f  £  acts  on  —  K  with  such 
energy,  that  the  effect  of  the  aii'rial  particles  is  much 
weaker,  and  the  loss  much  less.  Let  us  bring  to  the  man'- 
mitm  the  electricity  of  a  plate  Joined  to  the  electric  machine, 
then  let  us  hold  for  sonic  time  the  other  disc  below  it;  if 
we  measure  comparatively  the  electric  tension  afler  having 
withdrawn  the  loiver  disc,  »e  shall  find  that  it  has  become 
Stronger :  the  pressure  of  the  lower  disc  restrained  it,  that 
is  to  t<ay,  prevented  it  from  acting  without, — an  effect  which 
is  reproduced  as  soon  as  we  have  taken  it  away. 

The  phenomena  of  which  wc  have  just  spoken  shew 
themselves  every  instant  iti  the  atmosphere.  A  cloud 
chaiued  with  electricity  acta  by  induction,  not  only  on  other 
clouos,  but  even  on  the  earth ;  to  the  surface  of  which  it 
attracts  electricity  of  a  contrary  name.  It  is  also  on  these 
principles  that  aft  the  apparatus  rest,  which  we  use  to  inea- 
mire  the  atmospheric  electricity.  These  effects  not  only 
take  place  when  the  two  bodies  arc  separated  by  an  iosu- 
lating  bed  of  air,  but  even  when  idio-electric  bodies,  such 
as  Tcain,  or  glass,  are  interposed  between  them.  The  insu- 
lating bed  formed  of  the  idio-electiic  bodies  need  not  be  so 
thick  as  that  of  dry  air,  and  the  electricity  produced  by  in- 
duction ii  stroller  in  proportion  as  the  maulatbg  body  is 


thinner.    Tb6  constrnctioo  of  Ac  LijiM  jv  k  taiM 

predMlj  oa  thii  proper^. 

BLBOTBAKVreBS. — ThMB 

1  to 


■  composed  of  a  gUs  jar, 
rod,  wbieh  p«MS  into  tlw  jar,  ai  . 

MBpended,  a  wrj  fine  metallio  win  pmmag  tkm^  • 
hole.  It  u  good  nometimM  to  dwoac  Sv  thaaa  atnwa  aa^ 
tioiu  of  certain  light  itahbK  fluidibad  bj  ^Mcita  Mta 
genua  Poa  or  Agroitit.  Aa  aoon  ••  tin  atrawt  an  dM> 
triaed,  th^  aeparatc  A  Male  ia^Mled  on  iIk  rite  af  fli 
glaaa.  In  Tvim'b  eleetroioDpe  tha  dtrkioaa  mn  M  Of 
dialance  rf  a  millunetre.  Wbwn  the  cbetric  tCBMO  ■  my 
atroag,aa  in  atonnaithia  inrtninwiH  la  not  good;  we  Art 
preftr  a  Icaa  aenmtire  dectroacope,  in  irideh  Btla  pees  rf 
wood  are  naed  initead  af  VoUa'a  rtrawa.  To  ztaiet  Am 
instnmenla  comparably  thn  arc  made  to  camnnaKili 
with  the  aame  aooiee  of  eJectriot^;  aad  the  iMyemw 
derntioD*  that  take  plaoe,  when  equl  qnanthicB  afc  turn- 
municatcd,  arc  aiea<ufed. 

To  study  the  electricity  of  the  doods, 


first  to  employ  the  electric  kite. 

kite  to  a  boll  of  [nck-thread,  either  wetted,  or  containinc  a 

tJne  metallic  wire ;  when  the  kite  roae,  he  placed  the  ball  of 


thread  in  conneuon  with  an  elcctrtnneter.  Tfaia  ezpB>- 
meat  is  very  dangerDiui ;  it  is  better  to  employ  ioaulatiBg 
conductors,  which  are  fixed  on  the  roof  of  a  bouieor  toa 
glass  rod,  the  electric  atalc  of  whicb  is  then  itudied  by  tbeail 
of  the  electrometer.*  According  to  Volta,  an  iron  wire  twa 
metres  long,  held  vertically,  perfectly  fulBli  the  end  pn^ 
posed.  If  a  poeitivc  douo,  for  instance,  ii  formed  abort 
the  rod,  it  is  negativclv  electrised  at  its  upper  extremist 
and  positively  at  the  lower.  To  meamre  the  tension  at 
one  of  the  cxiremitiea,  it  is  sufficient  to  diacharge  tbe  lower 
extremity  and  to  examine  the  electric  state  of  a  ball  sitn- 
Btcd  at  the  other  eiticmity;  this  electricity  will  alwajl 
have  a  sign  contrary  to  that  of  the  atmosphere.    Coaiaak, 


ettti  Uw  muni  ol  IsTeMt^Uon  trfalcti  be  propoHd  niliii  to  nadr  Iha  ilK- 
trlcitr  of  the  cloudii  but  U  wu  In  1TH  tliat  B'Auuan  *■•  Rrd  to  nnHt  il 
MAr]/-lA.VlllB  a  Aiftd  AppATttlBH,  with  vhkh  b«  drew  tarih  ^*At  fren  s 
Morm  chHid,  end  It  wH  Koiui  who  flm  wntt  m  Ihe  lii  eerie  kite,  in  tte 
■uo*  jev.  See  tiM  uuiUUm  of  Pununr^  ttorn,  hr  D'Ainu^  M 
•dlt.  t.  It.  p.  S9.  ud  that  of  Buuc-DoKuma,  IM  twi,  p.  >W  i  >^  "fM*" 
rin  SaranH  Ltrmi^m  4c  rJcaU.  *■  Sctmea  dr  rmii,  t.  tL  p.  K*:  imt 
aullr,  runuKi  Liaer  to  Coluxmii.  in  IMb  Joljr.  17Kk  and  tku  ■( 
IMta  OefaAw,  11M.— M. 
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■nd  all  other  philoBophers,  have  had  recourse  to  this 
procesK.    It  is  better  to  termioate  the  rod  in  a  point,  which 

will  allow  the  electricity  with  -which  it  is  chained  to  etcape; 
the  lower  extremity  will  then  prcMrrc  the  aame  electricitj 
u  that  of  the  clouds.  The  flaine  of  a  piece  of  tinder,  or  a 
lock  of  tki,  or  a  brimstone  match,  or  a  spirit  of  wine  lamp, 
placed  on  the  extremity  of  the  rod,  favours  still  more  the 
electric  radiation,  and  the  quantity  of  electrici^  beeoDies 
more  considerable  in  the  lower  extrenuty."'  lo  diacover 
the  nature  of  the  electricity,  we  hring  near  to  the  electro- 
meter a  rod  of  resin  that  haa  been  rubbed  :  if  the  parts 
recede  further,  they  ate  charged  with  negative  clectneity; 
if  they  approach  each  other,  they  contain  positive  elec- 
tricity. 1  prefer  BolmeaberKar'a  electrometer,  which  in- 
dicates more  surely,  and  more  quickly,  the  nature  of  the 
electricity. 

If,  in  an  open  plain,  or  on  the  top  of  an  elevated  edifice, 
nc  make  experiments  of  thig  kind,  wc  almost  always  obtain 
signs  of  atmospheric  electricity ;  but,  if  the  observer  be  sur- 
rounded by  objects  which  are  higher  than  he  is,  then  he 
do«i  not  obtain  any  electric  sign  :  in  this  case,  he  must  em- 
ploy the  condenser  devised  by  Volts.  Above  the  metallic 
rod  which  bears  the  straws  a  disc  of  copper  ia  fixed,  of  from 
four  to  six  centimetres  in  diameter,  perfectly  smooth,  and 
having  its  upper  surface  coaled  with  a  varnish  of  lac ;  a 
fecond  disc  is  coated  with  a  similar  varnish,  and  surmounted 
by  a  glass  rod.  Let  us  suppose  that  space  is  charged  with 
a  very  weak  positive  electricity ;  this  will  not  be  able  to 
diverge  the  two  straws,  because  the  electricity  is  distributed 
in  its  course  alocig  the  metallic  rod.  Uut  if  wc  place  these 
two  discs  on  one  another,  making  the  upper  one  communi- 
cate with  the  earth,  this  will  be  negatively  electrised  (— E) 
at  its  lower  part,  and  will  fix  the  positive  electricity  (-I-E) 
of  the  electroscope  on  the  upper  part  of  the  lower  plate ; 
then  the  instrument  will  be  able  to  receive  a  fresh  quantity 
of  it  through  the  rod  :  if  afterwards  we  lifl  up  the  upper 
plate,  there  will  be  a  very  strong  divergence  of  the  two 

Voita  has  described  this  process  in  detail  in  his  LtUret 
Sfitioroliigiquet ;  and  M.  CoUaAob  shews  that  we  mav  oie 
with  advantage  thedeviation  of  the  magnetic  needle  proanced 
W  electric  currents.  This  method  appears  to  me  preferable. 
When  we  observe  with  a  fixed  apparatus.    M.  Ptltlar  was 

Ho.  a. 


tbe  flnt  to  construct  ta  Aootrttim 
giving  rigorous  reaoltA ;  M.  S«o« 
tdibed  it  lb  bia  work  on  electiidty . 


After  hkviii^   diwnvered   that  _ 

cbmrged  with  electridtT,  it  was  percdTed  tbn  nli'va 
■Imort  alwnys  electiic,^'  and  tbat  Ibcn  «m  ckdrid^  k 
the  4ir,  even  during  the  calmM  weather  i  aDdAeoMMn 
oT  its  ongin  presented  iteelf.  FrietitK  waa  thai  na  mif 
known  productive  csoie  of  dMtriei^ ;  it  waa  Ihiwrt*  flK 
that  of  the  atoiosphere  proceeded  from  the  ftietioBMBBv 
ofaira^nat  oneanodier.  Notwitb^auding  Am  olyefiM 
of  Mv«nl  (ibilosopben,  I  do  not  tluak  that  thk  «■>  ll 
completely  null :  when  we  ihake  in  the  air  »  pieee  of  dfc 
it  ii  eleetii»L'd;  why  then  abaiild  it  not  be  tb  mmtitHk 
two  nuHes  of  tur  ?  If  tlie  temperature,  moMtiiR,  atcafOi 
two  maaiM  arc  the  aame,  then  will  he  no  ptodoefiiB  ■ 
clectridty,  in  the  nme  way  that  there  will  be  neoe  if  *• 
rub  two  piTfocily  similar  rod*  of  renn  together.    Bat,  ■ 


cooler  becomes  positive,  the  wanner  nwative :  a  law  t^ 
iied  for  all  bodies  of  the  same  nature  wBeii  rubbed  aninM 
one  anotbcr.    Thus,  then,  the  upper  maaea  of  air  wouldbc 


positive,  the  lower  o. 

Chemical  actions,  whic£  are  constantly  taking  place  ia 
the  atmoBphcrc,  are  infinitely  more  powerful ;  we  dull 
place  evBpantion  in  the  first  rank.  Volts  fint  ahewei 
ibat  evaporation  produced  electricity ;  da  lAvaanra  con* 
finned  tbit  opinion.  But  M.  Ponlllat  has  deKiibcd  the 
details  and  conditions  of  the  pheuomenon.  Fare  and  «b- 
ple  evaporation  docs  not  produce  any  electricitv,  provided 
there  be  no  chemical  decomposition  :  if  distilled  water  en> 
porates  on  platinum  platea,  there  is  no  production  of  elec- 
tricity ;  but  if  wc  add  portions,  however  small  they  bc^  of 
salts,  acids,  &c.,  then  there  is  a  productiou  of  electririty  M 
soou  as  the  vapour  of  water  is  separeted  firom  tbe  bodies  to 

•  U.  PlLTID  bU  III 
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it  was  united.  The  vapour  is  positively  electrised, 
the  veflsel  negatively ;  now,  as  the  earth  incessantly  emits 
nmours,  and  the  water  in  nature  always  contains  foreign 
Rtnrtances  in  solution,  the  vapours  rise  charged  with  posi- 
tive electricity,  whilst  the  earth  preserves  negative  elec- 
tricity." 

CJombnstion  is  another  productive  cause  of  electricity. 
IHien  coal  is  hurning,  a  current  of  carbonic  acid  escapes 
poritively  electrised,  whilst  the  coal  remains  negative.  The 
itmosphere,  therefore,  contains  all  the  electricity  that  re- 
mits firom  combustions  made  on  the  surface  of  the  earth. 
bideed,  when  plants  spring  up,  the  carbonic  acid  they  ex- 
bale  carries  on  the  positive  electricity,  whilst  the  vessels 
through  which  the  gas  escapes  remain  charged  with  nega- 
tive  fluid ;  the  same  thing  probablv  takes  place  during  the 
life  of  the  plant,  from  whence  results  a  great  proportion  of 
die  positive  electricity  which  vegetation  pours  into  the  atmo- 
iphere. 

BliBCTRIC  UOHT.  —  When  two  fluids  of  contrary 
names  unite  by  pasfdng  over  a  badly  conducting  body,  there 
is  a  production  of  sparks  if  they  are  in  a  sufficient  quantity. 
rbey  may  even  be  observed  when  a  rod  of  resin  is  rubbed 
in  tne  dark,  and  touched  by  the  finger ;  with  the  electric 
machine  and  other  energetic  apparatus,  the  phenomenon  is 
Rtill  more  evident.  If  the  spark  crosses  the  air,  we  hear  a 
dry  noise,  the  intensity  of  which  is  in  general  in  proportion 
to  that  of  the  light. 

Without  entering  further  into  details  on  the  nature  of 
this  spark,  I  will  content  myself  with  a  few  remarks  which 
ipply  to  thunder.  The  more  intense  electricity  is,  or,  in 
itner  terms,  the  more  electricity  there  is  passing  through 
the  air  in  a  given  time,  the  whiter  and  more  dazzling  is  tne 
Ight.  The  light  which  escapes  from  the  obtuse  cxtremi- 
jes  of  the  machine  is  reddish  and  violet ;  it  only  becomes 
white  on  a  point  where  it  is  more  concentrated.  In  the 
■me  way,  the  spark  from  a  I^yden  jar  is  of  a  dazzling 
fhite.  If  in  the  vacuum  of  an  air-pump  we  place  two 
x>die8  between  which  an  electric  spark  is  made  to  pass,  the 
atter  will  appear  under  the  form  of  a  violet  light,  whilst  it 
I  white  and  circumscribed  in  air  that  preserves  its  habitual 
tensity.  Between  storm-clouds  that  are  near  the  earth,  the 
parks  are  of  a  dazzling  white ;  storms,  on  the  contrary, 
rhich  are  at  a  great  height  in  the  atmosphere,  cast  forth 
eddish  or  violet  lightnings. 

i>  Fide  Note  m.  Appendix,  No.  II. 
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When  the  tension  of  the  two  clectiicitiei  WEI 
is  considerable,  the  spark  does  not  alvravs  follow  h  straight 
line ;  this  Js  even  «een  in  weak  machines,  where  it  onen 
divides  and  moves  in  a  zigzag-  If  a  little  ball  is  flicd  to 
the  conductor  of  a  macLiue,  and  the  hand  be  held  open  at  a 
certain  distance,  ''"  "  "  '  "  truck  by  ramified  sparks : 
slight  ditfercnctii  "     '  '  --  '       - 

dust,  which  are  ui 
the  probable  caui 
liglitning  during 
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When  the  sky  L 
gtrument  placed 
positive  electric 
where  there  are 
varies  in  intcnsiv. 
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lut  clouds,  a  sen^tive  in- 
a  almost  always  indic&tea 
>mes  negative,  in  the  cue 
Jul  this  poutire  electriciij- 
i,  puffs  of  wind,  modify  it 
.<f  the»e  changes  have  not 
e  always  observe  at 


been  as  yet  sufficiently  stuped. 

stated  hours,   we  find  in  our  coi 

curve,  the  elements  of  which  de  Sanasare  and  Bcbublar 

have  endeavoured  to  determine. 

At  sunrise  the  atntuspheric  electricity  is  feeble;  it  con- 
tinues to  increase  as  the  sun  rises  and  the  vapours  are  col- 
lecting in  the  lower  regions  of  the  atino«phere.  This 
increasing  period  lasts  in  summer  till  6  or  7  o'clock  in  the 
morning;  in  the  spring  and  antunin,  till  8  or  9;  and  in 
winter,  till  10  or  12  o'clock  in  the  day.  By  deereeB  the  ten- 
sion attains  its  maxinivm;  during  this  lime  the  lower  regions 
are  filled  with  vapours,  the  humidity  of  the  air  increases, 
and  the  hygromctric  tension  is  stronger  than  in  the  morn- 
ing ;  in  the  cold  season  there  is  often  fog.  Generally  elec- 
tricity decreases  immediately  al\cr  attaining  its  masimum,  at 
first  rapidly,  then  more  slowly.  The  visible  vapours  of  the 
lower  strata  disappear,  the  fo^  disperse,  the  atmosphere 
becomes  clear,  and  distant  objects  seem  to  approach  the 
spectator.  Towards  2  o'clock  in  the  aftcmoDn,  the  atmo- 
spheric electricity  is  very  feeble,  and  scarcely  stronger  than 
at  sunrise.  It  continues  to  diminish  till  about  two  hours 
before  sunset ;  in  summer,  till  4,  S,  or  6  o'clock  in  the  even- 
ing; in  winter,  till  5  o'clock.  Its  minimujn  lasts  longer  than 
its  vuiximum.  As  soon  as  the  sun  approaches  the  noriion 
it  again  begins  to  advance,  increases  sensibly  at  the  moment 
of  sunset,  goes  on  increasing  during  twilight,  and  attains  a 
second  maxjmnm  an  hour  and  a  half  or  two  boun  after 
sunset.    Then  vapours  form  in  the  lower  r^pons  of  the 


ur,  damp  increaaea,  aod  the  nigfat-dew  rails.  TbU  second 
maximum  luunlly  equals  that  of  the  morning,  but  it  con- 
tinues s  shorter  time,  and  the  electricity  decreases  slowly 
till  the  next  uomiiig. 

It  is  desirable  to  multiply  this  kiad  of  obeervation  in 
such  a  manner  as  to  possess  series  comprising  several  years, 
■norderthat  wemay  know  the  relation  which  exista  between 
these  indications  and  those  of  other  instruments.  I  have 
b^un  series  at  different  periods,  but  the  unfavourable  situ- 
ation of  my  house,  and  other  circumstances,  have  prevented 
my  continuing  my  labour.  The  results  obtained  at  Ilalle 
have,  however,  appeared  to  me  to  differ  from  those  lound 
in  south  Germanv.  It  is  the  same  on  the  mountains.  But 
observations  on  the  Alps  seem  to  shew  that  there  is  but  one 
mintinuin  in  the  morning  and  one  maximam  in  the  evening. 

Besides  the  diurnd  period,  there  is  also  an  anniul 
period.  Positive  electricity  in  serene  weather  is  much 
stronger  in  winter  than  in  summer,  and  varies  in  a  regular 
manner  in  the  interval  which  separates  these  two  seasons. 

Tlie  want  of  prolonged  observations  does  not  permit  me 
to  point  out  the  cause  of  this  difference.  The  vapoura 
which  are  incessantiv  rising  from  the  lower  regions  take 
with  them  into  the  elevated  regions  a  congiderable  quantity 
of  positive  electricity,  the  presence  of  which  ia  shewn  by  the 
instrument.  We  may,  however,  ask  ourselves  if  the  changes 
we  observe  in  the  lower  have  really  a  range  agreeing  with 
the  mean  state  of  the  upper  strata.  Experiment  shews  us 
that  positive  electricitv  becamcs  stronger  as  we  rise  higher 
in  the  atmosphere.  The  absolute  height,  and  the  absence  of 
all  shelter,  have  a  great  influence  :  thus  de  Banunre  did 
not  fear  to  say  that  we  should  have  as  strong  an  electricity  on 
a  plain  as  on  the  top  of  a  mountain,  if  we  were  not  sur- 
mounted by  surrounding  objects.  Two  conditions  modify 
the  indications  of  our  instruments:  they  are  the  electricity 
of  the  air,  and  its  insulating  power. 

Let  us  suppose,  for  greater  simplicity,  that  the  air  on  the 
snriace  of  the  earth  docs  not  possess  electricity,  and  that  we 
find  only  at  a  certain  height  an  aerial  stratum,  which  gives 
signs  of  electricity:  it  is,  therefore,  as  though  an  electrised 
body  were  suspended  above  the  earth ;  this  body  acts  down- 
WBii,  by  contact  and  by  induction.  Which  of  these  two 
modes  of  action  is  it  that  has  the  advantage  over  the  other  ? 
This  is  a  point  difficult  to  decide.  Perhaps  both  have  equal 
influence ;  but  when  the  sky  is  clear,  as  in  the  present  case, 
it  is  the  mode  by  induction  which  is  the  more  powerful. 
The  pomtive  electricity  ot  ^wce  attract*  n^^Mire  electricity 


^,,  ne(  tW  ^Bc^  would  pro- 

^1,^  allUBiniiifeeiperiioentg 

^•.  ■nniormka&siiot  being 

_^,^  I  hy  indniiMM  ii  tlie  more 

,^  ^ ;  ifc  wpantcd  bj  *  stmtuin 

^  .    I  1  imtuclora,  rndtw^anaud 

,p^   ^    , ,-  III  u«I«;nnine  «  tenaou  eqiiaJlj 

^..  I'll,  ...^^rly  gbcw,  thai  al  eqnu  di»- 

,j^   ~  n-  III,  I  ttnsions,  acconliiig  tatbe  insu- 

j^-j  "    |„!«ir  ivi posed  bodies.     It  is  rerj  pcwaible 

tW  ~t\[KL'iiiii'""  -will-'  in  the  Esme  place,  but  in  £fiereiit 
tbe,-;:u>i"L'irio  mid  hj'grometric  natos,  would  give  very  un- 
^^uji  iLJuiipii^.  i^veu  Ihough  the  distance  should  still  rtiii^iin 
the  same.  With  a  dry  air,  which  insulates  very  well,  the 
tsBsiou  will  be  less  than  in  lianm  weather. 

The  suue  thing  probably  takes  place  in  the  atmosphere 
The  force  of  the  electricity  of  high  regions  remaining  the 
isnie  at  equal  distances,  that  of  a  contrary  name,  which  is 
attracted  in  the  earth,  will  increase  or  dinunish  as  the  air  is 
dauip  or  dry ;  and  the  observer  would  be  wrong  to  con- 
clude that  that  of  space  has  increased  or  diminished. 

The  hypothesis  we  have  formed  ia  never  coinplelelj 
realised  in  nature :  for,  as  va|iuurs  arc  incessantly  rising, 
•nd,  vegetation  being  in  activity  during  a  part  of  the  year, 
the  earth  is  in  a  negative  state,  whilst  the  atmosphere  is 
jHisitive.  Each  aerial  particle  equally  possesses  positive 
eleciriclty;  but  ttie  influences  of  the  earth,  and  those  of  the 
upper  strata,  decompose  the  two  electricities  of  the  particle, 
whicli  will  be  charged  at  its  lower  part  with  a  little  more 
positive  electricity  than  st  the  upper.  This  renders  the 
question  of  the  increase  of  electricity  with  the  height  ain- 
giilariy  complicated.  All  the  particles  act  on  the  rod  which 
surmiiiints  the  electrometer,  but  their  action  diminishes 
with  theilistance,  and  is  much  less  enereetic  as  the  air  insu- 
lates better.  What  the  observer  regards  as  an  effect  of  the 
upper  strata  is  often  owing  to  the  action  of  the  strata 
scarcely  elevated  a  hundred  metres  above  the  instruioeiit. 

I  have  thought  it  necessary  to  consign  these  renMrki  to 
this  place,  for  a  greater  degree  of  importauce  b  often 
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Hriffned  to  the  indications  of  the  electrometer  than  they 
mtSj  pO90e99.  If,  then,  we  endeavour  to  explain  the  diurnal 
■■d  aannal  variations  of  electricity,  we  must  not  lose  sight 
^tlie  bygrometric  state  of  the  air.  After  sunrise,  evapora- 
tioQ  b^pns  with  the  increase  of  temperature ;  a  multitude  of 
vapours,  charged  with  positive  electricity,  rise  in  such  a  man- 
ner, that  a  greater  number  of  electrised  bodies  arc  found  in 
the  lower  strata  than  during  the  ni^ht.  But  the  quantity 
of  Tapour  of  water  contained  in  a  ctmic  metre  of  air  princi- 
pally increases  in  the  lower  strata,  and,  as  the  air  is  still 
lather  damp,  the  particles  may  act  at  a  distance  on  the  elec- 
trometer, the  tension  of  which  increases.  In  proportion  as 
the  temperature  rises,  the  evaporation  becomes  more  active  ; 
bat  in  summer  it  produces  at  the  same  time  an  ascending 
enrrent,  which  carries  away  the  vapours  with  it,  the  quantity 
of  which  diminishes  below  about  9  o*clock  in  the  morning ; 
then  fewer  particles  act  on  the  electrometer ;  and,  as  the  re- 
lative humidity  tends  to  diminish,  the  action  by  induction 
is  less  energetic:  hence  the  luuximuin  which  precedes  this 
moment.  As  soon  as  the  ascending  current  becomes  more 
energetic,  the  vapours  rise  faster,  the  dryness  increases 
below,  the  tension  diminishes,  and  we  find  a  mimmuni  \vhich 
tneoeeds  the  greatest  diurnal  heat.  Then  the  ascending 
eorrent  is  reduced,  the  vtipours  do  not  rise  any  bigher,  the 
air  becomes  damper,  the  greater  proportion  of  aerial  or 
aqueous  particles  endowed  with  electricity,  which  are  formed 
in  the  neighbourhood  of  the  electrometer,  act  more  strongly 
on  it,  through  the  medium  of  damp  air;  the  tension  in- 
creases, and,  at  the  time  when  the  pressure  of  the  aqueous 
Taponr  is  as  strong  as  possible,  the  electricity  also  attains  its 
wuunmum.  The  eva|)oration  then  diminishes,  the  vajwur  is 
precipitated,  and  the  electric  tension  continues  to  decrease 
tiU  the  next  morning.  In  winter,  when  evaporation  and 
vegetation  are  much  less  active  than  in  summer,  the  ten- 
aion  is  nevertheless  stronger ;  the  reason  of  it  is  in  the  less 
insnlating  power  of  the  air,  which,  Iwiiig  damper,  permits  a 
greater  number  of  particles  to  act  on  the  instrument. 

To  follow  these  laws  into  their  minutest  details,  it  would 
be  necessary  to  obser>x  the  electrometer  for  a  long  series  of 
yearsi,  simultaneously  with  other  instruments  in  different 
places.  However,  tiie  few  facts  we  possess  give  a  high  de- 
gree of  probability  to  the  theory  laid  down;  for  in  sum- 
mer, when  the  quantity  of  vapour  of  water  is  much  less 
daring  the  aflternoon  than  in  the  evening  or  morning,  we 
find  the  greatest  diminution  of  electricity  in  the  afternoon  ; 
then  the  vapours  ascend  rapidly  towards  the  upper  strata. 
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J)((tricity  :   yet  the°e  phenomena  are  too  little  known  for 
at  to  be  able  to  enter  into  further  details." 

The  received  opinion,  on  the  increase  of  electrieity  during 
^^  fbrmation  of  fogs,  deserves  to  be  submitted  to  neir 
^neriments.  We  must  not  forget  that  but  few  experi- 
^^ts  on  atmospheric  electricity  esist.  For  whole  months, 
^(tcorologisls  do  not  observe  the  instruments.  If  a  storm 
HftMs,  or  rather,  if  the  straws  of  the  electrometer  diverge 
itrongly,  then  they  look  at  them  and  note  their  indications. 
But  we  cannot  conclude  from  these  indications  whether  the 
divergence  was  strong  or  weak  relatively  to  the  mean  diver- 
gence. From  my  own  observations  at  Ilalle,  I  should  be 
templed  to  believe  that,  during  a  fog,  the  electricity  is 
weaker  than  in  clear  and  damp  weather.  On  the  Alps  I 
have  always  found,  under  these  circumstances,  a  strong 
positive  clectricitv ;  but  as  soon  as  clouds  approached  its 
mtensiiy  diminLiIied,  and  it  was  almost  null  when  I  was 
surrounded  by  clouds ;  at  Halle,  the  same  remarks.  It 
is  tor  experiment  to  decide  if  these  are  exceptional  facta, 
resulting  from  the  fact  that  electricity  easily  flows  into  the 
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the  air  k  damp,  or  if  it  is  the  normai  and 


DumZNO  SAZN.  — When  rain  or 
ftlla  tnm  the  upper  re^na  of  the  atmoephere,  there 
!||^  at  the  aame  time,  a  production  of  a  quantity  of  electricity, 
^^JBom  or  leM  strong :  it  is  only  during  mild  and  continued 
-jrina  that  we  ohwrve  bo  traces  of  it:  in  this  case  the  elec- 
Mb^j  is  sometimes  positive,  sometimes  negative.  Accord- 
Ipg  to  BcB«Mer*B  observations,  there  are,  in  south  Grer- 
JBttj,  100  positive  for  155  negative  rains:  according  to  those 
!tf  BeasBMri  at  Mannheim,  100  positive  for  108  negative:  in 
"ihe  two  series  the  latter  are  the  more  common.  The  direction 
«f  the  wind  is  not  without  influence  over  these  differences. 
ITwie  designate  bv  100  the  number  of  positive  rains  with 
mdk  wind,  we  find  the  following  numbers  for  the  number 
of  nqiBltve  rains  with  the  same  winds : — 


BiniBBB  OF  kboauve  baihs  fob  bach  wnm,  that  of 

POSITIVE  BAIM8  BBIMG  EQUAL  TO  100. 


SCHUBLBB. 

HBMMEB. 

N. 

91 

52 

NJJ. 

109 

75 

E. 

166 

95 

S.E. 

175 

95 

S. 

260 

101 

S.W. 

232 

117 

W. 

145 

106 

N.W. 

128 

67 

(Vide  Appendix,^.  38.) 

With  the  north  winds  the  number  of  positive  rains  is, 
therefore,  relatively  greater  than  with  the  souUi  winds ;  the 
difference  of  the  two  numbers  obtained  by  Seliiibler  and 
HoBimer  are  due  to  local  circumstances  and  climacteric 
eonditions,  which  are  not  the  same.  To  sum  up:  their 
oheervations  prove  that,  during  the  course  of  one  year, 
most  of  the  rains  are  positive,  whilst  they  are  negative  in 
another.  Thus  the  annual  r^ults  may  be  very  different 
from  the  ^nend  mean. 

What  IS  the  origin  of  this  nesative  electricity  ^  Selrabler, 
TkBUes,  Voita,  and  others,  exj^ain  the  phenomenon  by  the 
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er^ondaoafdropaof  nrntra-:  wben  ttor  liiwaw  Jty  i^ 
ther  partiaU;^  change  into  T^onn,  frtiiai  cunr  wmf  te 
p)»itiveekari<^Q>,  whiUtthediopi^MH  bttci^ttm 
state.  Thw  hvpoUKHi  la  "■«*''-*^  I9-  A*  ftet  of  ann^ 
tion,  that  in  the  neifl^bowlMMid  of  eanadta^  iA«  k  pal 
many  drops  ore  thrown  into  ths  lir,  we  ■hHnhdtoaH 
ofn^gatiTe  clectridt^,  more  or  IcM  naiked.  8e«enla» 
rimeuts  made  by  BaUl  imdor  tida  IiTpodicrii  tanbalb 
"  "  '        XawB  aa  r 'illiHih 


and  place  it  in  fioe  weatber  in  an  ooai  plaM^  iAa«  flt 
atmoniherie  i^Kciridty  is  n  11  _  lli  iTiiiiiii  iiill  liii  iii||Mlia 
and  tfae  vaae  poabTe';  if  (be  expenmaot  le  i«aw«l  ■  ^ 
weather,  on  pointi  where  there  aie  no  ^kim  of  ntan^haBB 
electricity,  there  will  he  no  deetridtf  Abar  oa  ^  ihb 


tatv,  there  will  be 
e  dropa,  alibonf^  t 


not  then  to  enpontua,  bnt  to  hidnetiaii,  aa  BtfM  tttf 
well  remarked,  that  the  dectrid^k  don.  WbenlfaefeM- 
tain  rises  towaida  a  char  akj  poHtiTety  alaatriaed,  it  ada  Iv 
induction ;  the  foontain  ia  pnntiTely  deUiiaed  bdow,  wSk 

negatively  above  :  but,  as  soon  aa  the  air  is  without  eleetri* 
dty,  the  action  by  induction  no  longer  exists,  and  theit  ■ 
no  trace  of  electricity.  It  is  the  same  with  a  oscade :  it  ii 
negatively  electriKd  above,  positivelv  below ;  the  vitnooa 
electricity  flows  into  the  earth,  the  otoer  remaina  united  to 
the  liquid  drops. 

Thus,  then,  although  evaporation  may  develope  n^a- 
tive  electricity  in  the  dnipa  wluch  fall,  the  action  by  indae- 
tion  is  much  more  ene^^ic :  clouds  have  often  a  stnur 
positive  electricity,  whilst  that  of  the  earth  ia  n^ative.  u 
there  are  two  strata  of  clouds  in  the  sky,  attd  the  rain  filb 

Erincipally  from  the  lower,  both  are  pontirelv  electrised; 
ut  the  electric  state  of  the  lower  is  modifieo  by  that  ef 
the  earth :  it  becomes  positive  in  its  lower  sui&ce,  lol 
negative  in  its  upper;  the  rain  is  tfacupodtive.  Soon,  not 
only  does  the  lower  face  of  the  cloud  become  neutral,  but 
also  the  earth ;  thus,  at  the  end  of  a  certain  time,  not  the 
slightest  indication  of  electricity  is  found  unlj],  when  nndtf 
the  influence  of  the  upper  cloud,  the  lower  one  heoomn 
charged  with  a  great  quantity  of  f^  n^ative  electrid^. 
Thcarops  which  fall  will  then  be  n^ative  :  but,  if  abieeae 
condenses  anew  the  vapour  of  water  in  the  clond,  then  we 
find  once  more  that  the  drops  of  water  are  positiTely  elee- 

Every  tine  I  have  been  able  to  follow  this  phenomenon, 
I  was  assured  of  the  action  of  the  upper  cloud  upon  the 
lower.    In  other  cases,  the  cloud  acts  on  the  dn^  of  tun 
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tbomelves,  and  changes  their  electric  state.  This  being 
^ndl  anderetood,  the  inflnenoe  of  the  winds  over  the  electric 
■tete  of  the  rain  is  easily  deduced. 

From  what  we  have  previously  seen,  the  origin  of  rain 
ftom  north  and  south  winds  is  very  different.  If,  in  a 
dear  aky,  the  temperature  rises  for  several  days,  the  baro- 
meter begins  to  sink,  a  few  cirri  form  in  the  high  regions, 
■t  the  same  time  that  the  south  wind  becomes  predominant ; 
the  cirri  extend,  the  sky  becomes  whitish,  and  positive  clec- 
tridCj  increases  in  its  lower  strata.  The  barometer  con* 
timiin^  to  fall,  cvmtdi  arc  formed  in  the  lower  parts,  and 
the  rain  begins.  At  the  moment  when  they  are  produced, 
the  cwnulus  and  the  rain  are  both  positively  electrised. 
Soon  negative  electricity  accumulates  at  the  upper  part  of 
the  ciffitti/tM,  and  the  ram  itself  finishes  by  becoming  nega- 
tive; but  as,  by  the  north  winds,  there  is  often  but  one 
stratum  of  clouds,  this  action  by  induction  no  longer  occurs, 
and  the  rain  is  more  frequently  positive.  In  winter,  the 
mow  falls  ^nerally  from  a  single  stratum ;  it  is  also  almost 
always  positive. 

FORMATION  OF  STORMS. — In  no  phenomenon  is 
electricity  manifested  in  so  evident  a  manner  as  in  this; 
but  there  is  none  in  which  its  part  is  so  difficult  to  analyse. 
Storm-clouds  are  in  general  at  first  small,  and  rapidly 
become  larger,  in  such  a  manner,  that  they  seem  to  grow 
by  the  precipitation  of  the  vapours  which  surround  them  ; 
in  a  short  time  they  cover  the  sky,  which  is  generally  of 
a  very  pale  blue.  In  other  cases,  clouds  are  formed  on 
different  points  of  the  horizon,  which  remain  insulated,  or 
finally  unite ;  their  characteristics  are,  that  the  cirri  of  the 
elevated  parts  of  the  atmosphere  pass  to  the  state  of  tliick 
cirrthcwnvbis,  and  the  nimidi  form  a  compact  and  uniform 
mass  of  cumuitt-tttratiLs :  which  is  clearly  to  be  seen,  esiwcially 
when  a  storm  is  formed  on  the  horizon.  The  entire  mass 
presents  very  remarkable  oppositions  of  light :  in  certain 
points  it  is  of  a  dark  grey,  and  in  others  it  presents  very 
nrilliant  colours,  approaching  to  yellow :  lengthened  stria; 
may  be  seen  of  an  asny  grey.  When  the  sun  is  on  the  point 
of  setting,  these  clouds  are  yellowish  towards  the  west;  this 
colour  changes  to  grey  and  blue,  and  it  seems  as  though 
the  landscape  were  observed  through  a  yellow  or  orange- 
eoloured  glass. 

The  storm  is  frequently  formed  several  hours  l)efore  it 
bursts  forth.  In  the  morning  the  sky  is  completely  pure, 
towards  noon  we  remark  some  isolated  cirri,  which  give  a 
whitish  aspect  to  the  sky ;  the  sun  is  pale  and  dim ;  there 
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ore  parhelia  or  eoimtte  around  the  snn.  Later,  the  c 
appear,  and,  in  spreading,  they  are  confounded  with  the 
upper  Btratum.  A  short  time  before  the  etorm  buiMs  forth 
we  see  a  third  atratnm,  which  is  particularly  remarked  in 
mountain nus  countries.  However,  I  have  also  obeerved 
it  in  the  plains  of  Germaiiy,  although  not  bo  well  an  on  the 
Alps.* 

The  formation  of  storms  is  pn  ceded  by  a  alow  and  con- 
tinued fall  of  the  barometer,  aa  ■<>  igt  be  the  case  when  cirri 
occupy  the  sky.  The  calmnes  T  the  air  and  a  suffocsting 
heat,  which  are  doe  to  the  w«  >f  evaporation  on  the  sur- 
face  of  iiiir  bodies,  are  circi  tnces  quite  chamcteristic. 
This  heat  docs  not  proportio'  :  affect  the  thennoinetcr : 
it  ia  peculiar  to  the  lower  st  a  f  the  air,  for  it  decreases 
tpidly  with  the  height.  T  e  omsponding  observatioBB 
t  Munich,  aud  on  some  moiiMtaii  9  in  Bavaria,  shew  that,  in 
the  afternoon  of  stormy  days,  the  uecrease  was  1°  forsevenly- 
eiebt  nu'tro^,  that  is  to  say,  twice  ss  rapid  as  it  is  at  a  mEan. 
The  ol>servation8  at  St.  Gothard.  compared  with  thoBe  in 
neigh boitri lie  towns,  prove  the  same  tiling;  the  anomalie? 
of  terrestrial  refraction,  which  we  then  observe,  tend  to 
the  same  result.  In  the  morning,  (he  decrease  of  temper- 
ature licing  generally  very  slow,  there  necesearily  results 
from  it  in  the  afternoon  a  very  intense  ascending  current, 
which  carriesoffthe  vapours  toward  ihc  upper  regions  of  the 
atmosphere,  where  they  rapidly  condense. 

ON  tilOHTNING. — When  the  instantaneous  precipi- 
tation of  the  vapour  of  water  disengages  a  certain  quantity  of 
electricity,  then  there  is  a  spark,  as  we  see  it  in  our  private 
experiments ;  this  spark  goes  from  one  cloud  to  the  other,  or 
from  n  cloud  to  the  earth.  Wc  may  distinguish  from  a  dis- 
tance these  two  kinds  of  lightnings.  If  the  lightning  joins 
two  clouds,  whose  height  is  not  equal,  then  the  sky  is  irre- 
gularly illumined.  We  remark  a  point  where  the  light  is 
more  intense,  but  it  ia  not  clearly  defined :  on  ijuitliog  this 
centre,  the  light  continues  to  diminish  in  intensity.  If  the 
lightning  goes  from  a  cloud  to  the  earth,  then  we  observe  a 
narrow  train  of  dazzling  lieht,  very  limited  and  surrounded 
hy  a  less  intense  light.     We  observe  this  same  band  when 
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k  joiiis  two  clouds  which  are  equal  in  height,  and  which  the 
lower  clouds  do  not  hide  from  our  sight ;  in  this  latter  case 
we  only  observe  one  light,  as  in  the  former :  shall  I  add, 
thmt  these  lightnings  are  identical,  but  that  the  immediate 
of  the  former  is  hidden  from  us  by  the  clouds  which 
before  them  ? 

If  lightning  were  immovable,  it  would  appear  to  us 
under  the  form  of  a  globe  of  fire ;  strong  lightnings  often 
terminate  thus  at  their  anterior  extremity.  Lightning 
affiects  the  form  of  a  zigzag,  like  the  spark  of  our  machines ; 
perhaps  it  has  really  the  form  of  a  helix,  whose  projection 
seems  a  broken  line.  The  unequal  conductibility  of  the 
eir  explains  this  course  of  lightning,  and  also  its  bifurcations. 
Daring  violent  storms  the  principal  lightning  emits  lateral 
fanmches,  or  appears  ramified  at  its  origin.  In  a  ver^  strong 
Storm  which  took  place  at  Halle  in  June  1834,  the  lightning 
had  the  appearance  of  a  vertebral  column,  with  the  nbs  that 
it  supports. 

In  general,  the  colour  of  lightning  is  a  dazzling  white ; 
I  have,  however,  often  seen  it  verge  towards  violet.  In 
1834,  several  inhabitants  of  Halle  made  the  same  remark ; 
the  lightning  was  very  high,  and  consequently  took  place  in 
a  rarified  air.  Now,  we  know,  that  if  we  make  a  spark  pass 
through  the  receiver  of  an  air-pump,  its  light  is  bluer  in  pro- 
portion as  the  vacuum  is  complete. 

It  is  generally  admitted,  that  lightning  moves  from  above 
downwards ;  however,  numerous  examples  exist  of  its  having 
followed  an  opposite  direction.  The  spark  probably  leaves 
both  bodies  at  once,  as  we  see  it  when  we  bring  a  ball  near 
to  the  conductors  of  an  electric  machine.  I  have  remarked 
several  times,  in  two  clouds  of  the  same  height,  that  two 
flashes  of  lightning  have  left  each  of  them,  and  united  in  the 
middle  of  the  interval  which  separated  them.* 

•  M.  Am  AGO  (Annuaire  for  1838)  distlnguUhes  three  kinds  of  light- 
Blngi:— 

lit.  Ztgxag  lightnings  which  usually  describe  zigzags  in  space ;  sometimes 
they  biftircate  or  triftircate  at  their  extremity.  Some  facts  would  even  lead 
OS  to  think  that  their  division  went  still  ftirther.  Thus,  the  3d  June  176A, 
the  thunder  penetrated,  at  the  same  instant,  by  four  differcmt  points  and 
distant  fW>m  each  other,  Pembroke  College  at  Oxford ;  and  in  April  1718, 
twenty-four  churches  were  struck  with  lightnmg  in  the  neighbourhood  of 
St.  Pol-de-Leon,  although  only  three  claps  of  thunder  were  heard. 

Sd.  Sheet  lightnings^  which  present  themselTes  under  the  form  of  lights 
th«t  illumine  the  outlines  of  the  clouds ;  these  are  the  more  common  and 
more  fluent  in  a  storm. 

Sd.  BaUlightningSy  or  globes  qfjire.  These  more  slowly  fkvm  the  clouds 
to  the  earth,  and  are  risible  for  several  seconds.  M.  AaAOO  cites  a  great 
lOMDj  examples  of  them.'s 

M.  Abaoo  then  demonstrates,  that  the  lightnings  of  the  lint  and  second 
do  not  last  for  the  millionth  part  of  a  second. 

.  1*  Vidk  Mote  «,  Appendix,  Mo.  n. 
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THUNDCK. — SMmer  or  later  oiler  the  lightning  wc 
hear  tho  thunder;  this  noise  resolts  from  the  displacement 
of  the  air  hy  the  Btwrk  and  irrnption  of  the  suironndiDg 
sir,  which  filln  up  the  vacuum  formed,  u  it  happens  when 
we  opOH  a  ease  that  climes  well.  Thunder  follows  light- 
ning, because  sound,  by  travelling  333  metres  a  second,  doe* 
not  roaeli  (iiir  car  so  quickly  n.-  ;-  e  luminous  sensation. 

The  noise  of  thunder  is  ni  he  mme,  according  a."  we 
are  more  or  Icm  distant  fror  le  lightnioc;  thus,  when 
thunder  tails  on  ^e  «ur&ce  he  earth,  uiose  who  are 
near  hear  a  dry  noise  of  ts*^  loweri  which  ceases  imme- 
diately. Observerf  "J-*^  :atcr  distance  hear  a  aeries 
of  nuisi'H,  which  "  I  each  other ;  these  last 
differ  completely  f  of  the  thunder,  especially 
whi^n  iheexploaia  ween  clouds.  The  rolling 
continue!-  for  sevt  n  a  minatc,  and  does  not 
diminiiih  in  forcL,  ^^^-ary,  it  seems  to  gather 
force  from  lime  to  tiuuc,  suJ  appears  intermixed  vrith  more 
violent  clapii.  like  the  noise  prodoced  by  a  mass  of  something 
falling'  down  stairs.  The  weak  noise  at  the  eommencement 
increases  suceesiively,  and  does  not  attain  its  grealest  force 
till  a  certain  time.  It  is  difficult  to  explain  the  rolling  of 
Uiundcr ;  we  can  only  compare  it  to  the  sound  produced  h^ 
a  rope  put  in  motion.  Ancient  philosophers  only  saw  in  it 
a  repercussion  of  sound  by  the  earth,  an  hypothesis  which 
seemed  ao  much  the  more  probable  as  the  rolling  U  much 
stronger  in  mountainous  countries  than  in  plains :  nowever, 
as  we  hear  it  also  on  the  oiicu  sea,  it  was  thought  that  the 
clouds  rcverl)erated  the  sound.  Detoc  objected,  first,  that 
it  was  improbable  that  clouds,  that  is  to  say  fogs,  whose 
limits  are  scarcely  defined,  can  reflect  sound.  However,  I 
do  not  re<rard  this  reflexion  as  quite  impossible,  although  I 
explain  the  rolling  in  another  msnner,  On  compiaring 
analogous  optical  phenomena,  we  shall  find  that  there  is 
reHexujii  as  soon  as  the  properties  of  refraction  and  dispersion 
of  light  are  on  the  point  of  changing.  Some  facts  observed 
by  the  academicians  of  Paris  during  their  eiperimenta  on 
the  velocity  of  sound  seem  favouralile  to  this  hypothesis. 
In  fact,  when  there  were  clouds  between  the  two  stations, 
Slontmartre  and  Montlhery,  then  (he  report  of  a  cannon 
imitated  to  a  certain  degree  the  rolling  of  thunder,  which 
never  took  place  when  the  sky  was  clear. 

The  nature  of  lightning  plays,  according  to  Bnwdca, 
HalTlK,  and  BaAcfalc,  an  important  part  i  for  it  is  light- 
nings that  are  directed  upwards  or  laterally,  which  are 
accompanied  hy  a  rolling)  whilst  the  lightning  that  strikes 
an  object  is  accompanied  by  a  dry  and  short  noiae.    If  we 
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admit  that  lightning  is  composed  of  a  series  of  small  ex- 
plosions, as  the  optical  experiments  of  M.  Dove  prove,  each 
of  these  explosions  must  produce  a  noise.  In  a  flash  of 
lightning  which  falls,  the  noise  caused  by  the  first  explosion 
leaches  the  ear  of  the  observer  at  the  same  time  as  the 
hst ;  but,  in  a  horizontal  flash  of  lightning,  the  noises  pro- 
duced at  a  greater  distance  arrive  later  than  the  others,  and 
a  flash  of  lightning  which  lasts  a  second,  but  which  extends 
over  a  length  of  perhaps  2000  metres  in  a  straight  line,  will 
produce  a  noise  tnat  will  last  seven  seconds. 

The  zigzag  form  of  lightning,  on  which  HelTtfr  has 
insisted,  is  not  of  the  least  importance.  He  has  distinctly 
seen  a  flash  of  lightning  arrive  on  the  earth  in  four  leaps, 
and  he  has  heai^d  four  noises  of  diflbrent  intensity.  Evi- 
dently the  noises  must  have  reached  the  ear  at  diflbrent 
intervals ;  and  as  it  is  at  angles  that  the  noise  is  the  strongest, 
on  account  of  the  compression  of  the  air,  he  thence  deduced 
the  unequal  intensity  of  the  sound. 

As  m  all  complicated  phenomena,  there  are  here  two 
acting  causes — echo,  and  the  unequal  distance  of  the  ex- 
plosions ;  but  to  explain  their  unequal  intensity,  and  the 
intervals  of  silence,  roUowed  by  a  reinforcement  of  sound, 
we  arc  obliged  to  admit  the  interference  of  the  sonorous 
vibrations.  Sound  moving  from  the  point  where  it  is  pro- 
duced in  every  direction,  spherical  waves  are  the  result; 
which  are  sucn,  that  if,  in  a  given  moment,  the  air  of  a 
series  of  these  spheres  is  of  a  very  feeble  density,  whilst  the 
spheres  which  separate  them  have  a  very  strong  density, 
tne  result  is,  that  in  the  following  moment  these  series 
change  functions.  Let  us  suppose  that,  at  a  certain  distance, 
a  second  undulatory  system,  of  the  same  force  and  height,  is 
engendered,  these  both  cross  without  contracting  their 
mutual  extension;  but,  on  certain  determined  points  in 
each  s^'stem,  there  is  a  great  diflerence  in  the  intensity 
of  the  sound.  For,  in  the  points  where  the  two  sj-stenis 
render  the  air  alternately  more  or  less  dense,  the  movement 
is  more  rapid,  and  the  sound  more  intense  than  if  there  had 
only  been  one  sonorous  wave.  In  other  points  these  two 
systems  meet  and  tend,  the  one  to  condense,  the  other,  to 
rarify  the  air;  they  act,  therefore,  in  opposite  directions. 
If  their  actions  are  equal,  their  eflects  destroy  each  other ; 
if  they  are  unequal,  nothing  remains  but  the  excess  of  the 
stronger  over  the  weaker.  We  shall,  then.  And  a  series  of 
points  where  the  sound  will  be  stronger  or  weaker,  according 
to  circumstances,  as  if  these  had  but  one  original  sound. 
We  may  figure  to  ourselves  these  eflects  in  the  following 
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manner :  draw  on  a  plane  two  sj-slenia  of  concentric  circles, 
whose  diamcler  regntarly  increases  by  the  »anie  quantity — 
of  a  millimetre,  for  instance  —  the  1st,  3d,  the  Jth,  &c.,  of 
these  circles  will  be  designated  by  doIt<^  lines ;  tlie  2d,  the 
4th,  Sec.,  by  continued  lines;  the  latter  designate  the  series 
of  points  where  the  air  is  more  dense,  the  former  the  points 
wheK  the  air  is  rr-"™'  '♦■  -*  "  certain  distance,  we  trace 
(urcles  around  a  aa  '-■■  little  distance,  the  sound 

will  be  reinforced  i  ere  the  lines  of  the  same 

kind  meet,  and  Wi  «  where  the  dotted  lines 

cut  the  continued  hues.  lin  by  lines  the  ditterent 

points  of  the  intersert<'>T  des,  we  shall  see  that  the 

points  of  intense  so  k  of  weak  ones,  occupy 

determinalc  places.  ire  to  ourselves  the  two 

centres  of  these  f       "b  lations.  aa  placed  at  the 

extremity  of  the  I  n  a  tuniiig-foik  ;  if  we  put 

them  in  motion,  Dtic^  .       tuning-fork   turn   at  the 

same  time  round  lu,  oxis,  wt  m  alt  hear  a  very  regular 
increase  and  diminution  of  sound. 

tt  is  probable  that  these  interferences  play  a  part  in 
this  plitniimcnon  ;  b«,  in  the  other  sound?,  the  undiilatory 
motion  continues  even  a  certain  time  after  the  cause  has 
ceased  to  act,  every  point  that  the  lightning  strikes  be- 
comes the  centre  of  an  unduktory  system.  However  we 
will  admit,  for  greater  simplicitv,  that  the  angles  only  of  a 
zigzag  are  the  centres  of  sucn  sj'stems.  Tbc  noise  of 
thunder  arrives  from  the  nearcF^'t  angle  to  the  zigzag,  then 
from  a  second  point.  If  the  waves  meet,  the  sound  will  be 
reinforced  :  if  that  does  not  hapjien,  it  will  be  weakened  or 
null,  and  will  recommence  with  a  new  intensity  when  the 
corresponding  waves  of  one  or  several  systems  of  uiidula- 

I  cannot  explain  all  these  eircnmstances  in  any  other 
way ;  for,  if  we  take  for  the  point  of  dejiarture  the  distance 
of  the  source  of  sound,  the  thunder  would  have  ita  greatest 
intensity  at  [he  beginning,  since  It  is  the  nearest  sound 
which  reaches  us  first.  If  we  suppose  that  the  isolated 
noises  are  reinforced  by  adding  themselves  together,  then 
the  noise  of  the  thunder  would  be  weak  at  the  commence- 
ment, would  then  become  stronger  and  stronger,  and  attain 
a  nuutrntim,  and  then  diminish.    It  is  only  in  the  i      '  " 


able  circumstances,  and  conBe<jucntly  veiy  rarely,  that  we 
should  hear  the  rolling.  Wealsoscewhv  therolhng  is  much 
more  marked  during  distant  storms  than  in  those  which 
break  forth  in  the  vicinity  of  the  observer.  In  fact,  these 
interferences  take  place  especially  when  the  wave*  are  comr 
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ptebended  in  an  acnte  angle;  which  happens  more  fre- 
quently with  distant  lightning  than  when  it  is  near.  It  is 
probable,  that  of  two  distant  observers  each  hears  his  own 
thunder,  in  that  the  one  hears  it  with  much  more  force 
at  the  same  moment  that  the  other  hears  nothing,  and  vice 
verm.  If  observation  should  succeed  in  establishmo;  this  as 
a  fact,  it  would  be  a  proof  of  what  we  have  just  said.* 

EFFECTS  OF  THE  LIGHTNING  FLASH.— -When 
Hghtning  falls  on  the  surface  of  the  earth,  it  follows,  like 
erery  entire  electric  spark,  the  best  conductors :  it  also  at- 
taches itself  principally  to  metals.  However,  it  may  happen 
that  it  leaves  metal  for  a  body  that  is  not  so  good  a  con- 
ductor, when  the  latter  conducts  it  more  directly  to  the 
earth.  After  metals,  damp  substances  are  followed  by  it  in 
preference :  this  is  why  men  and  animals  are  often  struck 
by  lightning  and  killed,  or  only  stunned.  In  the  first  case, 
death  appears  caused  by  a  shock  on  the  nervous  system; 
for  dead  persons  retain  the  very  same  position  whicii  they 
occupied  before  they  were  struck  by  lightning.  These  cases 
are  not  very  common.  At  Gottingen,  in  the  space  of  a 
century,  three  persons  only  have  been  killed  by  lightning ; 
and  at  Halle,  only  two.f     Thus,  the  fear  of  thunder  is 

*  Wtamt  is  the  duration  of  the  rolling  of  thunder  oheerred  in  an  open 
eoontry,  and  correnponding  to  a  single  flash  of  lightning  ?  Such  is  the  ques- 
tion adced  by  M.  Abaoo,  in  the  remarkable  notice  we  have  already  cited. 
The  observations  made  by  de  l'Islk,  at  Paris,  give  from  thirty-flve  to  forty- 
five  seconds  for  the  duration  of  the  longest  rollings  he  has  observed. 

The  interval  which  elapses  between  the  lightning  and  thunder  varies 
generally  from  three  to  sixteen  seconds,  but  it  may  be  flftv  and  even  seventy- 
two  seconds.  The  space  of  time  which  separates  the  lightning  firom  the 
claps  of  thunder,  or  from  their  maximum  noise,  oscillates  between  twelve  and 
twenty-six  seconds,  according  to  the  observations  made  by  de  l'Isle  in  1712. 
RoBEET  HooKE  {PottJkumous  IVorks,  p.  424)  is  the  first,  according  to  M. 
Abago,  who  has  well  explained  the  rolling  of  thunder.  "  Lightnings,"  says 
1m,  **  only  occupy  a  point  in  space,  and  give  place  to  a  short  and  instantaneous 
Doiae.  Multiple  lightnings,  on  the  contrary,  are  accompanied  by  a  rolling ; 
beeause  the  different  parts  of  long  lines  which  the  lightnings  occupy  are  in 
general  found  at  different  distances,  the  sounds  which  are  there  engendered, 
either  successively  or  at  the  same  physical  instant,  roust  employ  times  gradu- 
ally unequal  in  order  to  reach  the  ear  of  the  observer." 

t  The  researches  ot  M.  Aeaoo  do  not  confirm  M.  Kaemtz's  opinion  as  to 
the  trifling  number  of  persons  struck  by  lightning.  Doubtless,  if  we  exa- 
mine but  one  locality  or  town,  the  number  of  victims  is  very  limited,  but 
It  is  not  thus  when  we  consider  a  whole  country.  Thus,  in  1819,  we  have  a 
knowledge  of  tw<  nty  persons  being  killed  in  France  by  lightning.  In  the 
United  States,  according  to  Volmet,  there  were,  in  1797,  from  the  month  of 
June  to  the  28th  of  August,  twenty-four  persons  struck,  of  whom  seventeen 
were  killed. 

The  danger  increases,  as  we  well  know,  for  men  placed  on  verr  high 
points.  The  following  is  a  sad  example :—  M.  Bucbwaldeb,  a  Swisa  en- 
gineer, had  established  a  geoitesical  signal  on  the  top  of  the  Sentis,  in  the 
canton  of  Appenaell.  This  summit  is  3504  metres  above  the  level  of  the 
■ea.  *'  The  4th  July,  1832,**  said  he, "  it  rained  abundantly  towards  eveninv, 
and  the  cold  and  wind  became  such  that  they  prevented  my  sleeping  ail 
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by  no  means  excnnble;    and   it  can  be  only  due   to  iha 
prejudices  inculcated  in  childreu  by  ignorant  parents,  who 
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tetch  them  to  see  in  thunder  a  sign  of  the  anger  of  Heaycn, 
whose  thunderbolts  strike  the  wicked  and  the  impious. 
iMieretlns  lonff  ago  refuted  these  absurd  prejudices,  when 
lie  says,  book  yi.  ver.  416,  while  speaking  or  the  chief  of  the 
gods:— 

'*  Poatremo,  cur  sancta  DeOm  delubra,  saaisque 
Diaeutit  infesto  pneclaras  ftilmlne  sedet, 
Et  bene  Ctcta  DeOm  fhmgit  simulacra  ?  Suisque 
Demit  imaginibuB  Tiolento  vulnere  honorem  ? 
Altaque  cur  plerumque  petit  loca,  plurimaquo  bujos 
Hoatibus  in  gummls  vestigia  cemirouB  ignis  ?  " 

If  lightning,  in  its  course,  meets  with  bodies  that  arc  bad 
conductors,  it  pierces  and  breaks  them,  and  scatters  them 
about  with  irresistible  force :  thus,  on  the  6th  of  August, 
1809,  the  lightning  displaced  a  wall  near  Manchester, 
0",9  thick,  and  3^fi  high,  placed  between  a  cellar  and  a 
dstem.  The  displaced  part  was  removed  from  its  primitive 
position  1"*,2  on  one  side,  and  Ib',8  on  the  other;  and  its 
weight  amounted  to  19240  kilogrammes.  To  estimate  the 
whole  force  employed,  we  must  take  into  the  account  the 
cohesion  of  the  parts,  which  would  lead  to  a  very  much 
higher  number.  A  great  number  of  analogous  examples 
have  been  observed. 

When  lightning  falls  on  combustible  bodies,  it  inflames 
them,  carbonises  their  surface,  or  reduces  them  to  splinters ; 
perhaps,  in  the  latter  case,  the  explosion  is  so  violent  that  it 
extinguishes  the  fire  at  the  same  instant,  as  a  powerful 
electnc  spark  disperses  gunpowder,  while  a  more  feeble 
spark  ignites  it.  Need  I  add  that  a  fire  caused  by  lightning 
is  extinguished  as  easily  as  any  other  ? 

ItlGHTNING  CONDUCTORS.— Scarcely  was  Franklin 
convinced  of  the  electric  nature  of  lightning,  than  he  pointed 
out  the  means  of  averting  it  from  edifices :  this  is  the  object 
of  lightning  conductors,  which  present  to  the  lightning  a 
more  easy  route  than  is  presented  by  stone  or  wood.  Thus, 
an  iron  bar  is  placed  at  the  top,  connected  with  a  conductor 
of  twisted  iron-wire,  which  is  plunged  into  a  moist  soil ; 
experience  proves  that,  under  these  circumstances,  the  light- 
ning follows  this  route  without  damaging  the  edifice.  I 
sha&  not  enter  into  more  lengthened  details  on  this  subject ; 
they  will  be  found  in  the  instructions  published  by  MjM. 
Gay-IrtMsac  and  Arairo. 

Experience  having  shewn  that  the  lightning  was  then 
without  eflfect,  it  was  thought  that  storms  might  be  dissi- 
pated if  a  suflicient  number  of  paratonnerres  were  raised,  so 
as  to  neutralise  the  electricity  of  the  atmosphere.  But  even 
though  it  should  be  certain,  which  is  not  the  case,  that 
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storms  are  engendered  by  elertricity,  I  3'et  douhl  ufhetber 
thousands  of  parnlonaerrea  would  nave  anj  influence  orer 
Btonn-clouds.  Thus,  at  Zurich  and  its  viciaity,  the  bousM 
arc  studded  with  paratonnetreg,  and  I  am  not  aware  that 
storma  are  Iras  frequent  there  than  in  any  other  country. 
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■iniert'B  opinioi:,  thav  me  li|jui-  ng  coraet  with  its  finely 

divided  particles  of  iron  and  auIpuuT,  Temaiiu  to  be  verified; 

for,  if  more  iron  and  sulphur  have  been  found  in  the  part  of 

a  tree  struck  by  lightning  than  in  the  rest,  this  niuy  happen 

IVom  the  tree's  having  been  parlly  burned  and  volatilised ; 

tbc  sulphur  and  iron  that  enter  into  the  composition  of 

almost  all  organised  bodies  have  remained  accuraulattd  in  a 

more  notable  quantity  in  the  woody  parts  that  have  remained 

untouched. 

FVi.HiNABy  TUBES.— When  lightning  fails  upon 
sand,  its  course  is  often  marked  by  tul>es,  called  fulminarv 
tubes,  OT  fidguritet.  Although  they  have  long  been  noticed, 
it  is  only  since  Henaen  observed  them  in  tile  sandy  hil- 
locks of  Holstein  that  they  have  been  attentively  studied. 
Bloinmbaeli  was  the  lirst  to  attribute  them  to  lightning; 
Fiedler  carefully  studied  their  nature  and  their  mode  of 
forcnation.  They  are  generally  composed  of  tubes  of  very 
different  lengths  and  diameters,  which  contract  toward 
their  lower  extremity,  and  terminate  in  a  point ;  they  are 
generally  sinuous,  and  more  or  less  ramified.  Vitrified 
within,  their  exterior  is  covered  with  agglutinated  grains  of 
sand:  the  vitrified  parts  of  which  aie  of  a  reddish,  or  even 
greenish  pearl  grey.  Their  dianieter  is  from  1  to  90"" ; 
the  thickness  of  the  aides,  O'^.S  to  24"°.  Their  length 
sometimes  exceeds  Q",  and  the  ramifications  are  from  2  to 
30  centimetres  long.  All  fulminary  tubes  with  thick  sides 
have,  according  to  Fiedler,  rough  surfaces,  and  ara  divided 
into  fragments  of  fi^im  5  to  lOO""*  long.  The  tabet,  whoee 
••  ridi  Houp,  Appudii,  Na.  II. 
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are  thin  throughout  their  length,  have  a  smooth  snr- 
&oe,  and  are  regularly  cylindrical ;  they  present  no  trans- 
Terse  fractures.  All  the  fulgurites  hitherto  examined  are 
directed  towards  reservoirs  of  water,  or  hodies  which  are 
good  conductors  of  electricity. 

Direct  ohservations  have  shewn  that  these  fulgurites 
were  due  to  the  action  of  lightning.  Thus,  Pfair  received 
a  tuhe  from  the  island  of  Amrum.  Some  sailors  saw  the 
l^htning  fall  upon  the  sand ;  they  dug  and  found  a  tube 
6*^  in  diameter,  blackened  within  by  the  carbon  of  the 
bomed  vegetables.  R.  Braades,  Haireii,  Rippentrop,  and 
Wlthmrkag,  have  related  analogous  examples ;  MM.  Ben- 
daat,  Haehette,  and  Bavart,  obtained  artificial  fulminary 
tabes  by  making  powerful  electric  sparks  pass  into  sand 
mixed  with  salt,  m  order  to  increase  its  fusibility. 

Finally,  vitrified  particles  have  been  found  on  the  sur- 
fiice  of  rocks,  which  are  an  effect  of  lightning.  De  Satissure 
saw  on  Mont'Blanc*  rocks  of  schistose  amphibole,  covered 
with  vitreous  globules,  analogous  to  those  seen  on  tiles 
struck  with  lightning,  or  on  pieces  of  hornblende,  that  are 
dispersed  by  means  of  a  powerful  electric  spark.  Ramond 
made  the  same  remarks  on  the  micaceous  schist  at  the 
summit  of  the  Midi,  and  on  the  KUnestein-porphyr  of  the 
Bock-Sanadoire,  in  the  department  of  Puy-de-D6me ;  M. 
da  Hvmboldtsaw  the  same  traces  on  the  trachite  porphyry  of 
the  Nevado  de  Toluca  in  Mexico,  at  the  height  of  4622  metres. 
MM.  Buekland  and  Ghreenoairl&  found  a  fulminary  tube 
near  Drigg,  in  the  county  of  Cumberland,  adhering  to  a 
pebble  ofporphyry  that  the  lightning  had  melted,  and  near 
which  were  two  very  thin  plates  of  glass,  of  an  olive 
colour. 

8TORM8  WITHIN  THE  TROPICB.—Before  passing 
to  the  other  effects  of  lightning,  it  is  fit  to  say  something  on 
the  geographical  distribution  of  storms,  and  their  frequency 
in  different  seasons.t  Nowhere  are  they  exhibited  with 
such  violence  \as  within  the  tropics  during  the  wet  season, 
and  at  the  change  of  the  monsoons.  In  the  morning  the 
sky  is  serene,  but  toward  noon  it  is  covered  with  clouds ; 

•  Voyage  dans  Im  Alp«t,  )  1994. 

t  M.  Aeaoo  has  treated  this  question  greatly  in  detail  in  the  Annuaire 
far  18%.  Not  being  able  to  give  in  this  place  all  his  numeric  tables,  I  will 
content  myself  with  pointing  out  the  places  for  which  they  hare  been  drawn 
■p.  These  are: — Calcutta,  Patna,  Rio- Janeiro,  Maryland,  Martinique, 
Abyssinia.  Guadaloupe,  Viviers,  Quebec,  Buenos  -  Ayres,  Deroainvillers, 
Smyrna,  Berlin,  Padua,  Strasburg,  Maestricht,  La  Chapelle  near  Dieppe, 
Toulouse.  Utrecht,  Tubingue,  Paris,  Leyden,  Athens,  Polpero,  St.  Peters- 
bury,  London,  Pekin,  Cairo. — M. 


and  the  eleetricity  fa  uoie  vUnt  !■  tl»  bv  Om  ■  At 
more  nortberljr  lititndca;  the  liriilntiiff  MHcnd  ack  otkr 
iritboat  iateimptioii,  and  the  rami^  of  thnads  an  mnA 
more  powerfttl  than  whb  m.  AecMdinf  to  tnfdlei%  w, 
in  our  climates,  can  fonn  no  notion  of  the  violcBce  ot  thae 
stornu ;  in  the  region  of  ealma  thoo  ii  n  Mom  iIbM 
ererj  day,  m  that  we  might  call  it  die  ngion  of  iIiimI 


Chinme  Sea  the;  we  dengnated  ^vAmw.  Bu  tbeae  «fadi 
pre«ent  nich  peculiarities,  that  ire  uooU  beTei;  wmcli 
extend  the  word  hnrrieane  ta  tempetti  of  the  mean  anl  d 


the  high  latitudes. 

HarriouK*  ue  veiy  fteqnent  on  the  coaot  of  Siena- 
Leone,  at  the  beginning  and  at  the  tnd  cf  the  tmj  wtmcm, 
when  the  mnnsooiu  chinge.  According  to  ^gintsi^eti— , 
thev  present  the  greatest  Bnalng^r  to  our  storms,  and  nrcl^ 
lant  mun;  than  twenty  minntes  or  half  an  honr;  thk  ■ 
aim  the  tostimonj'  of  Dampier.  But  theK  storms  arrive  n 
suddenlj,  and  nre  attended  by  m  furious  a  wind,  that  shiiH 
mn  the  greatest  danger.  In  16S1,  Daxavler  obKrred  ■ 
hurricane  at  Antigna  (Antilles)  which  lasted  from  ewfat 
o'clock  in  the  morning  until  four  o'clock  the  next  i£iT. 
Captain  aadtvrr  had  landed  with  his  crew;  when  he  wished 
to  return  on  board  he  found  the  ship  lying  on  its  aide,  and 
the  point  of  the  mast  buried  in  the  sand.  The  hurricane  then 
returned  with  fresh  violence ;  the  waves  rose  to  a  monstnwi 
height;  casks  were  found  a  quarter  of  a  league  inland; 
one  ship  was  hurled  into  a  forest,  and  another  on  a  rock, 
three  metres  above  the  highest  tides. — In  a  hnrrinuie  that 
raged  in  the  end  of  October,  1H31,  over  Balasore,  in  Indis, 
latitude  2 1  °  32'  N.,  longitude  84°  30'  ¥..,  ten  thousand  peraou 
lost  their  lives,  "Fhc  great  route  from  Madras  to  C^cutto 
pasnes  through  Italasore,  at  a  distance  of  fourteen  kilometra 
on  one  side ;  it  wa^  however,  invaded  by  the  sea,  and  evetj 
thing  that  was  there  was  carried  away.  A  surface  of  twenty- 
four  myriametrcB  was  covered  with  four  or  five  metres  of 
water.  I'hc  sea  advanced  to  the  doors  of  the  town;  the 
bridge  and  the  wreck  of  a  vessel  were  found  on  the  highw^. 
A  hurricane,  of  no  less  violence,  ravaged  Guadaloupe  on 
S5th  July,  MiS:  cannons,  twenty-four  pounders,  were 
displaced ;  one  wing  of  the  govemment'house,  constructed 
witli  the  greatest  solidity,  was  destroyed,  and  a  fir-plank 
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lune  dedmetres  Ions,  two  wide,  and  twenty-two  millimetres 
thick,  was  hurled  Uirough  a  ]>alm-tree,  xour  decimetres  in 
diameter. 

The  approach  of  these  hurricanes  is  sometimes  announced 
by  foreboding  si^s.  On  the  coast  of  Sierra-Leone,  for 
instance,  a  thick  doud  is  obser\'cd  in  the  east,  which,  accord- 
ing to  Winterbottom's  expression,  does  not  appear  greater 
than  the  hand.  At  the  mouth  of  the  Senegal,  a  white 
round  cloud,  according  to  M.  Ooiberry,  is  seen  to  make  its 

aipearance  in  the  higher  regions  of  the  atmosphere ;  feeble 
ectrical  lights  rapidly  succeed  each  other,  and  the  distant 
rambling  of  thunder  is  heard.  In  the  devoted  place  the 
clouds  thicken,  their  bulk  increases,  and  the  thunder  is 
heard  with  louder  crashings;  the  clouds  become  blacker 
and  blacker ;  and,  finally,  all  the  sky  is  covered,  and  the 
earth  seems  enveloped  in  profound  night,  which  contrasts 
with  the  purity  of  tne  sky  in  the  west.  Immediately  before 
the  hurricane  breaks  loose,  a  slight  and  almost  insensible 
breeze  blows  from  the  west,  or  the  air  is  even  entirely  calm ; 
nothing  moves ;  but  feeble  whirlwinds  occur  here  and  there : 
at  the  same  time,  the  temperature  falls  rapidly. 

Another  circumstance  characterises  these  storms ;  it  is, 
that  they  are  confined  within  very  narrow  limits :  at  the 
distance  of  twenty  kilometres,  or  less,  the  calm  of  the  atmo- 
q>here  has  not  been  disturbed  for  a  single  moment.  They 
are  also  attended  by  changes  in  the  direction  of  the  wind, 
and  it  is  not  uncommon  for  it  to  blow  from  all  points  of 
the  horizon  in  the  space  of  a  few  minutes.* 

*  M.  EsPT  has  gWen  a  theory  of  the  tempests,  hurricanes,  and  tornados 
of  America,  which  has  been  favourably  received.  He  first  noticed  the 
eatraordinary  fall  of  the  barometer,  which  accompanies  these  meteors ; 
tlMQ,  on  examining  the  direction  of  the  trees  thrown  down  by  the  wind,  and 
tli«  traces  impressed  oh  the  ground,  he  has  concluded  that,  in  these  hurri- 
canes, the  air  rushes  toward  a  central  space,  point,  or  line :  so  that,  if  the 
vind  fh>m  one  side  blows  in  the  easit,  it  blows  from  the  west  on  the  other 
ride ;  the  centre  of  the  meteor  shifts  its  place.  He  recognises  as  a  cause  an 
ascending  column  of  air,  the  temperature  of  which  does  not  vary,  because 
the  precipitation  of  its  moisture  restores  to  it  the  temperature  it  loses  by 
expansion.  This  ascending  column  gives  rise  to  a  wind  on  the  surface  of 
the  earth,  and  above  to  the  formation  of  a  cwmUus,  which  b  immediately 
reaolTed  into  hail  or  rain.  ( Vide  M.  BABiifBT!s  report  on  M.  fisrv's  works, 
Annalrs  de  Chimi<  ct  de  Physique^  3d  series,  t.  i.  p.  37i.) 

M.  Dove  has  studied  the  laws  of  hurricanes  in  the  equatorial,  tropical, 
temperate,  and  frigid  zones,  and,  by  collecting  a  large  nnml>er  of  obsenra- 
vations,  has  airived  at  conclusions  differing  from  those  which  M.  Espt  has 
fonnaIarise<i.  He  regards  hurricanes,  tornados,  typhons,  he.  as  whirlwinds, 
whose  direction  and  diameter  vary.  In  these  whirlwinds,  Mys  he,  the  wind 
does  not  blow  flnom  the  circumference  to  the  centre,  but  it  always  blows  at 
the  circumference,  and  in  a  direction  perpendicular  to  the  radius.  The 
progressive  motion  of  the  hurricane  is  rectilinear  or  curvilinear.  Chains 
of  mountains  on  elevated  coasts  are  generally  the  causes  of  ohangM  in  the 
direction  of  the  hurricanes.    Their  origin  is  due  to  the  meeting  of  two  oppo* 


SI  are  generally  observed  at  the  period  ol  tlip 

greatest  heat  cil'  the  day ;  but  in  the  iiilerior  of  tuntiuenls, 
specially  when  ihey  are  mouiuaiaous,  iberc  are  ulso  noc- 
turnal 3toriri».  Accordiug  to  observalions  made  hy  ibc  in- 
trepid CuUc,  this  is  ot^cn  seen  in  llie  ciouutaias  to  the 
— .t  „r  ,1...  „_._j  pjjt  of  Sahara;  and,  according  to 
■     '  isofBnuul.    The 
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At  Bca,  ill  th(  e-winds,  storms  appear  lo 

be  an  uncommon  o  not  rcuiembcr  to  have 

found,  in  n  single  u  .— ,  —  :couut  of  a  storm  of  any 
-violence  in  this  coue.  At  Mausirs,  atunns  ap|)ear  to  be 
very  frequent  in  winter ;  and  this  is  also  the  season  when 
the  limit  of  the  N.E.  trade-wind  passes  into  the  vicinity  of 
this  island.  During  the  conltiet  that  occurs  between  the 
S.W.  wind,  which  is  descending,  and  the  N.E.  trade-wind, 
electric  discharges  are  very  common. 

STORMS  IN  HIGH  I^TITUDSB.—North  of  the  Alps 
there  are  scarcely  any  storms  except  in  the  hot  season.  As 
we  advance  from  the  shores  of  the  Atlantic  into  the  interior 
of  the  continent,  a  modification  is  found,  in  their  number 
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and  distribution,  analogous  to  that  of  rain.  Mountainous 
coontriea  are  an  exception  to  the  general  law,  inasmuch 
•8  storms  are  more  frequent  on  the  west  side  of  chains  than 
on  the  plain.  On  the  west  coast  of  Europe  and  in  Grermany, 
we  find  about  twenty  storms  in  the  year ;  at  St.  Petersburg 
and  Moscow,  seventeen  at  a  mean;  at  Kasan, nine;  at  Nerts- 
ehinsk,  two ;  and  at  Irkoutsk,  about  eight  Let  100  repre- 
sent the  number  of  storms  occurring  in  a  year,  we  have  the 
following  distribution  in  the  four  seasons : — 


KBLATIYB  NUMBBR  OF  STOBMS  III  THE  FOUR  SEASONS. 


WIMTBB. 

SPRING. 

SUMMER. 

AUTUMN. 

W.Europe  .    .    . 
Switserland  .    .    . 
Grennany  .... 
Interior  of  Europe 

8,9 
0,4 
1,4 
0,0 

17,7 
20,6 
24,4 
15,7 

52,5 
69,0 
66,0 
79,3 

20,9 

10,0 

8,2 
5,0 

(Vide  Appendix,^.  39.) 

On  the  western  coast  of  Europe  only  a  tenth  of  the  total 
number  of  storms  occurs  in  winter;  in  summer,  there  is 
the  half.  In  Switzerland  and  in  Germany,  a  storm  in  win- 
ter is  a  ver^  rare  phenomenon ;  two-thirds  of  the  total  num- 
ber occur  m  sunmier.  In  the  interior  of  the  old  continent 
there  are  no  storms  in  winter,  three -fourths  take  place  in 
summer,  and  the  small  number  of  these  that  are  observed 
in  spring  and  autumn  occur  only  during  the  hottest  months 
of  these  two  seasons ;  so  that  we  may  correctly  say  that 
there  are  no  storms  during  one  half  of  the  year. 

8TORM8  IN  8CANDiNAVlA.~As  there  is  not  any 
country  where  the  transition  fVom  a  sea  to  a  continental 
climate  is  so  sudden  as  in  Scandinavia,  so  there  is  no  place 
where  there  is  so  great  a  difference  for  storms ;  we  sh^l  be 
convinced  of  this,  by  comparing  their  number  in  different 
towns: — 
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MOUTHS. 

BEBGmi. 

HOB. 

SPIJH 

nocnt* 

u^ 

January  . 

i,s 

0,2 

fl^o 

Ofi 

0,1 

February 

M 

0,2 

Hfi 

<M» 

Ofi 

March.    . 

0,1 

0,0 

OtO 

Ofl 

Ofi 

AprU  .    . 
May    .    . 

0,2 

0,2 

0,0 

0* 

Ofi 

0,0 

0,1 

0.7 

Ofi 

Ofi 

June   •    . 

0,2 

0,3 

2,7 

1,9 

*fi 

July    .    . 

0,8 

0,5 

2,8 

2,4 

*fi 

August    . 

1,0 

0,1 

1,7 

Sfi 

•J» 

September 

0,5 

0,1 

0,8 

0,7 

OA 

October   . 

0,0 

0,6 

0,* 

<M> 

Ofi 

November 

0,4 

0,6 

0,0 

<M> 

Ofi 

December 

0,0 

1,0 

0,0 

0,0 

Ofi 

Year    .     . 

5,8 

3,9 

7,7 

9,3 

9,2 

Winter     . 

44,8 

35,6 

0,0 

0,0 

0,1 

Spring.     . 

5,2 

8,9 

8,7 

10,8 

10,4 

Summer  . 

34,5 

22,2 

86,9 

81,7 

83,5 

Autumn  . 

15,5 

33,3 

4,4 

7,5 

5,9 

(  Vide  Appendix,^.  40.) 

The  number  of  storms  is  very  small,  for  there  arc  not 
above  ten  in  the  year ;  but  their  distribution  is  ver>'  differ- 
ent on  the  coast  and  in  the  interior  of  the  countr}-.  At 
Bergen,  the  winter  rains  predominate  over  those  of  suuuner; 
and,  at  the  same  time,  storms  are  more  frequent  there,  as 
also  at  Soendmcpr,  which  is  in  the  same  district;  but,  at  Spyd- 
berg,  in  the  interior  of  the  country,  we  find  the  same  rela- 
tions as  in  Russia:  it  is  the  same  at  Stockholm  and  at 
Skara.  stroem,  Arentm,  and  Hertsbercy  have  perfectly  de- 
scribed thefte  winter  storms  of  the  province  of  ceigen  :  they 
arrive  indifferently  at  the  end  of  an  intense  cold,  as  after  a 
time  of  continuous  thaw,  or  after  rain.  They  arc  always 
brought  by  west  or  S.W.  winds.  8tro«m  even  asserts  tliat 
a  storm  may  be  predicted,  if  the  wind  suddenly  changes 
from  the  S.^V.  to  west  or  N.W.  These  storms  are  violent 
on  the  islands  along  the  coast ;  they  are  more  feeble  in  the 
fiords,  and  almost  unknown  in  the  interior  of  the  countries, 
where  storms  sometimes  burst  forth  in  summer. 
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"Wiatei  storms  ire  formed  more  commonly  on  suidj^ 
shores.  In  Icelsnd,  lightning  frequently  occurs  in  winter 
in  the  neigbboarliood  of  the  volcanoes ;  st  the  Feroes,  the 
Hebrides,  the  Shetland,  and  the  Orkneys,  it  is  only  dnring 
YJoIent  gales  of  wind  that  thunder  is  beard  to  roll.  On  th« 
vest  coast  of  Araeriea,  and  on  the  east  cout  of  the  Adriatic* 
storms  are  much  more  common  in  winter. 

If  the  number  of  storms  is  so  small  in  Scandinavia,  com'' 
pared  with  Germany  and  France,  it  is  seen  to  ^^imiTli■h  itill 
more  as  we  advance  toward  the  north,  where  the  quantity 
of  vapours  filling  the  atmoBphere  is  very  small.  Thusi 
during  a  sojourn  of  six  years  in  Greenland,  latitude  70°,- 
QlasekB  heard  thunder  but  once;  and  all  travellers  agree 
on  this  point. 

STOBHI    IN    THE    NOKTK    OP   THE    MBDITEK> 

&ANEAH. — The  ancients  bad  long  ago  remarked  tbeir 
frequency  iu  certain  seasons.  Imoretlns  thought  that 
viofcDt  winds  squeezed  out  the  fire  contained  in  the  clouds : 
--..I  v-  u....^..  .)...i..«...  ai.-  ........n^  Qf  their  distribution  in  the 


*,  msiU  >t«lUi  rulmntlbni,  attn 

Et  cvin  Mmpon  h  veriA  ftoivntlA  puidimt ; 
Prieoca  tnlm  dounl  Lfi»B ;  YenLlqaA  cblorfl 
Dvielinit,  ... 


"'—""  '-'IT  H  ru»  turbsmv*  nibUa» 

tmiu  priEoo  onm  Mgon  mlMui 
— nt  qood  fcrturuo"' —  " 


The  testimony  of  other  writers  agrees  with  that  of  L«w 
erettnag  in  Greece,  storms  arc  l^equent  in  autumn,  and  in 
■pring,  according  to  M.  Paytlar'a  observations.     There  are 

bably  great  differences  in  their  season  distribution ;  uu' 


fortnn 


_ .  _  Innately,  we  possess  but  few  documents  on  this  point.  I 
tssociatc  here  those  which  we  have  for  Bome,  Palenno,- 
Aidua,  and  Jauiua,  thanks  lo  M.  de  Ftraqnaruia. 
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HO.VTK^.            PUIUA.          KOUC 

PALESMO 

JASUIl.. 

Jaaaary      . 

S'i    1    !•• 

0,4 
0.7 

1.6 

t  erbruary    . 

March    .     . 

0,6 

l.fi 

April     .    . 

0,7 

S.I 

AUy.     .     . 

0^ 

7,4 

June .    .    . 

0,S 

M 

July.    .    . 

0,7 

6,6 

August  .    . 

0,8 

fl,2 

Stplumbcr . 

1.3 

3,1 

October .    . 

3.0 

3.7 

November  . 

M 

8.1 

Decern  l«r  . 

1,1 

'la 

Vear.     .     . 

13,5 

45.0 

Winter  .    . 

'sie 

H8 

12,0 

Spring   .     . 

21,7 

16,8 

15,9 

2fi4l 

Summer 

G1.8 

34,9 

'ii,.i 

39.1 

Autumn 

14.7 

37,1 

47,B 

12.0 

In  north  Italy,  te  well  om  in  Greece,  there  are  abont 
.  forty  storms  in  the  year,  that  is  to  ny,  a  number  the  double 
of  that  for  Germany.  At  ralermo,  the  number  ia  not 
above  a  third  of  that  in  our  climata ;  the  ilr  is  indeed 
purer,  and  the  warm  air  coming  fhun  Africa  oppoaea  the 
precipitation  of  aqueous  vapours.  There  are  only  nixty- 
four  days  of  rain  tnrougbout  the  year  at  Rome  j  at  Fadua,  - 
on  the  contrary,  there  are  120.  At  Palermo,  storms  are 
very  common  in  autumn,  whilst  at  Rome  there  b  scarcely 
any  dilTcrence  between  autumn  and  summer;  th^  distn- 
biitiun  through  the  year  at  Psdua  cranpletely  recalls  to 
mind  that  of  Germany.  The  obaerratioiis  of  the  ancient! 
chiefly  relate  to  this  town  :  and,  if  they  have  laid  strew 
upon  autumn  storms,  it  is  because  they  are  more  violent, 
and  of  longer  duration. 

FOBMATiON  OF  BTOSMfl.  —  All  fltorms  may  ba 
divided  into  two  classes ;  the  one  clasa  are  doe  to  the  actkn 
of  an  ascending  current,  the  other  are  a  result  of  the  eonflkt 
of  two  opposite  winds;  the  fanner  occur  dnrii^  the  hot 
season,  the  latter  during  winter.  Let  oa  begm  by  ex- 
amining those  of  the  first  class. 

In  our  climates,  and  in  munmer,  three  conditions  are 
necessary  for  the  formation  of  a  stoim :  a  great  calm  in  the 


stroosphere,  a  soil  moist  to  a  certain  estatt,  and  •erene 
weather.  The  calm  of  the  air  doe*  not  almyt  extend  to 
tfae  limits  of  the  atmoephere,  for,  in  general,  the  barometer 
&lla  ?lowlv  for  a  day  or  tvro,  a  proof  that  air  ia  fBo^ 
Kw&j  in  all  directions.    The  dni,  which  fint  nakd  liuai 

Spearance,  are  drawn  along  hy  feeble  S.W.  winds.  Unds 
»e  circamstaacee,  the  mawea  of  air  in  contact  with  the 
ground  acquire  very  great  ase«n«ire  lbrc«,  becauK  the  high 
temperature  that  we  then  observe  only  bdonga  to  the  lower 
ttrata ;  for,  if  we  compare  thermometric  obaeiratMna  made 
St  more  elevated  points,  we  shall  find  that,  during  the  dan 
of  storm,  the  decrease  of  temperature  is  eztremelv  rafod. 
The  vaponrs  then  condense  in  the  higher  regions  of  the  atmo- 
sphere,  and  contribute  to  increase  the  Tolnme  of  the  eirrt,  hf 
being  transformed  into  Saken  of  sdow  ;  at  the  same  time  runuui 
■re  Ibrmed  below,  which  pass  into  the  state  of  very  dense 
clouds :  the  temperatuK  then  verj  frequently  fidls,  and  tba 
sun  ceases  to  act  powedlili^  on  the  groand  and  on  tfae  air. 

Under  the  inouence  of^ese  circn  instances,  it  may  very 
readily  happen  that  the  clondB  are  a^in  dissolved  l^  enr- 
rents  of  hot  air  rising  toward  them ;  if  this  air  is  dry,  thif 
result  is  inevitable;  but  the  equilibrium  of  tfae  atmosphere, 
if  it  eiiated  in  the  ontset,  may  be  distarbed  by  the  slightest 
cause  1  these  causes  reside  in  the  atmosphere  itself.  The 
mass  of  air  situated  below  the  clouds  being  colder,  because 
it  does  not  receive  the  direct  influence  <rf  the  solar  raya, 
there  are  on  the  sidescurrentsof  hot  air  directed  towards  the 
clooda,  and  the  presence  of  which  is  generally  betrayed  by 
amall  clouds ;  wnilst,  at  the  surface  of  the  eaith,  cnrrenti 
diverge  in  all  directions,  setting  out  from  the  storm  as  « 
centre.  If  the  difference  of  temperature  is  veiy  great,  then 
these  winds  acquire  considerable  force,  and,  Jl  the  move- 
ment extends  in  height,  masses  of  cold  air  are  precipitated 
towards  the  earth,  wnich  determine  the  rapid  ccmdetisation 
«f  vapours,  and  give  place  to  a  very  high  developement  of 
electncity.  If,  on  the  contrary',  the  mass  rises  toward  the 
xenith,  the  barometer  ceases  to  fall,  and  even  rises  some 
tenths  of  a  millimetre,  but  it  begins  to  fall  as  soon  as  tha 
■form  departs.  These  storms  frequently  take  place  at  the 
period  of  the  greatest  diurnal  heat ;  the  air  soon  reeoven 
III  serenity,  but  the  storm  is  produced  again  for  several 
■nccessive  days  ;  storm-clouds  ere  formed,  without  thunder 
oocnrring  every  time,  until  the  direction  of  tfae  winds  and 
the  state  of  the  atmosphere  are  completely  changed. 

This  periodicity  of  storms,  which  vcita  was  the  first  to 
observe  in  tfae  north  of  Italy,  but  of  which  tracet  are  fonnd 
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in  aur  clinialeB.  does  not  exist  in  Ihe  second  cissi  of  si 
The  ciiri,  it  is  Irae,  are  dEveloped  under  the  influence  of  very 
elevated  south  winds,  which  sometime?  descend  to  the  levd 
of  the  eailh;  but  these  south  winds  contend  with  those 
fhim  the  north ;  at  their  point  of  meeting  stonna  &re  formed. 
These  cluuda  oecu^  long  and  verj^  narrow  hnnds;  and,  i 
thia  caBe,  violet 
for  several  da; 
whole  week  o' 
conflict  determ 
south  winds  gi 
blling,  and  tb 


north  winds,  tl 
w  afterwnrda  h 
In  all  case 
esKiitial  condi 
U  verr  powerl 
arc  simply  pas 
signs  of  electr.iiitj. 
that  nccompany  uie  develO] 
con  aider  the  condcnsati 


This  conflict  n.       

was  seen  at  Halle  for  a 
i\y,  1834;  the  issue  of  the 
ay  of  the  weather.  If  the 
e,  the  barometer  continues 
I  heavy  and  rain^;  if  the 
1,  and  remains  xrcne.  and 
[uence  of  the  »olar  rays, 
sation  of  vapours  ia  the 
Dn  of  storms:  if  electricity 
re  is  a  storm ;  if  not,  there 
mpauied  by  verj-  marked 
ine  all  the  circumxtances 
..»jit  of  electricity,  we  must 
of  vapours  as  the  cause  of  its 

Sroduction,  and  conclude  that  it  is  the  storm  that  pro- 
uces  the  electricity,  and  not  the  electric  tension  that  pro* 
duces  the  storm,  as  is  the  general  opinion.  Violent  rains 
without  thunder  and  lightning  are  distinguished  from 
storms  merely  hy  a  lesser  developement  M  electricity; 
whence  proceeds  the  absence  of  lightning  and  thunder. 

HBiOHT  OF  8TORH- CLOUD B.— Storms  in  sommer 
alwavs  commence  with  eirri;  when  these  become  thicker, 
or  woen  one  or  several  strata  of  eumuli  exist  beneath,  then 
these  clouds  make  a  mutual  exchange  of  lightnings.  We 
mus^  therefore,  assign  to  storms  a  great  height ;  ibis  asser- 
tion is  quite  in  contradiction  to  the  received  opinion  of  the 
moderate  height  of  electrical  clouds.  Travellers  who  have 
been  at  the  summit  of  the  Brocken,  at  1140  metres,  and  on 
mountains  of  less  elevation,  have  assuredly  seen  them  be- 
neath them.  Whether  the  sky  was  perfectly  serene  over 
their  heads  is  what  thev  have  omitted  to  tell  us :  in  a 
storm  they  only  regard  trie  lightning,  and  rarely  the  state 
of  the  sky,  for  several  hours  before  it  bursts  forth.  On 
the  Alps,  I  never  saw  storms  beneath  my  feet.  The  whole 
mass  was  often  overhead ;  I  was  sometimes  enveloped  in 
clouds,  and  the  thunders  and  ligbtnings  burat  forth  at  no 
creat  distance  from  me ;  but  I  found  myself  merely  in  the 
lower  part  of  the  Btomy  mass,  which  ezchangea  sparks 
with  the  higher  mass. 
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Those  low  cloads  that  are  observed  on  the  mmmita 
of  mountains  of  moderate  elevHtion  fonn  with  extreme 
nqiiditf  on  the  approach  of  the  stonn.  I  have  frequently 
oheerved  them.  During  my  stay  on  the  Bifi,  at  1800 
metres  above  the  sea,  the  sky  remuned  covered  with  cirri 
for  the  whole  morning ;  this  cirnuthickened  about  mid-day, 
and  isolated  cmmdi  passed  over  my  head.  In  the  aftemoon 
B  storm  formed  in  the  upper  part  of  the  Valley  of  Samen ; 
I  heard  the  gentle  rolling  of  distant  thunder,  and  it  rained 
abundantty  m  this  valley ;  the  Itigi  was  free  flrom  eloods, 
there  were  merely  a  few  on  Mount-Pilate.  Alter  some 
time  the  storm  was  directed  toward  the  north,  but  it  was 
evidently  higher  than  the  summit  of  Monnt-Filate,  which 
is  3044  metres  above  the  sea.  I  could  see  along  the  aides 
of  this  mountain  the  effects  of  the  descending  current  of 
cold  air ;  not  only  did  the  clouds  increase  rapidly  around 
its  summit,  but  isolated  masses  rolled  with  extreme  velocity 


moved  hoiiiontally.  At  the  same  time  the  thunder  bunt 
forth  with  greater  violence.  A  few  minutes  afterwards,  the 
portion  of  the  Lake  of  Quatre  Cantons,  comprised  between 
the  Gulf  of  Alpnach  and  that  of  Lucerne,  was  agitated  ;■  this 
agitation  was  propagated  with  the  storm  toward  the  Rigi, 
and  I  observM  several  clouds  on  the  Rigi-Staffel,  which 
were  not  long  in  disappearing.  Meanwhile,  the  wind  bad 
become  more  violent  on  the  summit  that  I  occupied,  the 
clouds  rose  along  the  west  side,  the  storm  approached  my 
xenith ;  it  was  at  a  great  height.  At  the  end  of  a  few 
minutes  the  clouds  descended  to  a  level  with  me,  and  I 
found  myself  enveloped  in  fog ;  the  thunder  rolled,  and  the 
lightnings  shone  at  a  very  little  distance.  Travellers  after- 
irards  assured  me  of  having  found  clouds  at  more  than 
300  metres  below  the  summit.  Considering  merely  theK 
lower  clouds,  we  cannot  attribute  to  this  storm  a  height 
greater  than  1300  metres  at  the  utmost ;  but  what  we  have 
Ken  above  proves  that  it  surpassed  that  of  Pilate. 

If  storms  were  as  low  as  the   majority  of  travdlers 
they  are,  they  could  not  so  easily  travel  through 


the  loily  chains  of  mountains.  The  inhabitants  of  thi 
valley  of  Chomouni  asnre  me  that  storms  frequently  pass 
■iMve  the  summit  of  Mont-Blanc  (4810").  I  have  seen 
a  storm  from  the  Faulhora  (2683>°)  that  was  arrested  by 
the  Uaut  Valais ;  the  higher  bounduy  of  the  clonds  over- 
topped the  point  of  Finateraarhom  (4362°').  During  another 
itoim  the  lower  phun  of  the  clonds  was  very  uniform:  the 
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Faulhorn,  Schwanhorn,  IHliite,  and  tbe  Nicm  (2M5-). 
were  free  from  clouds.  The  silver  homt  (SUberkoermer)  of 
the  Jungfraa  were  not  enveloped  in  it :  we  mi^,  therefixe, 
asMgn  to  this  storm  a  height  of  3900  metres  at  leasL 

It  is  wmetimes  possible  to  determine  approximaftiTely  the 
height  of  a  storm.  When  lightnings  paxsue  a  horiiontsl 
eounte,  we  measure  the  inter\4il  separating  the  thnnder  and 
the  lightning ;  now,  as  sound  travels  333  metres  in  a  seeond, 
we  have  only  to  multiplj  by  333  the  number  at  seomids  ibaX 
have  elapsed,  in  order  to  estimate  the  distance  of  the  lig^ 
ning  from  the  observer.  If,  at  the  same  time,  we  mcason 
the  an^lar  height  of  the  lightniiq^,  we  can  hence  dedoet 
its  vertical  height.  Thus,  in  1834,  when  there  were  aefinl 
very  elevated  storms  at  Halle,  I  found,  on  the  5th  of  June, 
that  the  lightnings  were  at  a  height  A'arying  from  1900  to 
3100  metres.  On  the  21st  of  Ju^,  the  miniumm  of  eertaiB 
lightnings  traversing  the  zenith  was  1300  metres. 

When  storms  also  are  not  very  elevated,  we  mmt  wSmai 
that  the  clouds  we  see  are  formed  after  the  more  elevated 
strata,  that  principally  constitute  the  storm.  The  rapidity  with 
which  the  lower  clouds  are  condensed  give  rise  to  a  streoc 
electric  tension  that  is  manifested  by  repeated  discharges ;  it 
ii  due  to  the  inductive  action  of  the  higner  masses  acting  on 
the  lower. 

EiiEaTRZCrrY  of  storms. — Kotwithstanding  the 
numerous  researches  that  have  been  undertaken  on  this 
lul^ect,  it  is  still  enveloped  in  great  obscurity.  Place  3^001^ 
self  near  an  electrometer,  and  observe  it  during  the  whcie 
course  of  a  storm,  and  you  Mill  siee  how  variable  its  indiea- 
cations  are.  The  lightnings  are  actually  veTy  near  without 
the  most  delicate  instruments  giving  the  least  sign  of  elec- 
tricity ;  suddcniv  the  latter  increases  at  the  moment  of  a 
very  powerful  flash.  ^Vnother  day  the  storm  arrive!^  with 
all  tlic  signs  of  a  vcr}-  powerful  electric  tension,  lightnings 
play  in  the  clouds,  toe  two  straws  of  the  electroscope 
eoUapKse,  and  it  is  some  time  before  they  open  again.  At 
one  time,  the  electric  tension  will  \-aryfor  every  clap  of 
thunder,  at  another  time  it  will  remain  the  same  for  a 
quarter  of  an  hour,  although  the  lightnings  rapidly  succeed 
each  other.  In  one  storm  the  straws  separate  rapidly:  a 
flash  of  lightning  occurs,  and  they  collapse ;  during  another, 
they  fall  t(^ether,  and  then  diverjre  rapidly  to  approach 
slowly,  until  a  fresh  clap  of  thunder  makes  them  divexge 
again.  The  electricity  may  be  f<tr  a  long  time  positive,  its 
force  alone  varies;  but  socm,  while  the  rain,  the  clouds^ 
the  wind,  and  the  lightnings,  remain  the  same,  the  straws 
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■epwxte  toroetimea  ooder  the  indnence  of  poritive,  «t  other 
times  under  tbe  influence  of  the  fluid  of  the  contrary  sign. 

If  we  compare  all  that  has  been  writleu  upon  storms,  vre 
do  not  hesitate  to  conclude  that  they  are  the  most  compli- 
cated phenomena  of  Meteorology.  I  suspect  that  a  long 
time  will  elapse  before  we  can  account  for  all  the  circum- 
■tances  by  which  they  are  accompanied.  First,  a  single 
observer  is  insutficient  to  collect  all  the  data ;  we  ongfat  to 
note  the  electricity,  the  direction  of  the  wind,  the  move- 
menta  and  the  form  of  the  clouds,  the  size  of  the  drops  of 
Tain,  and  the  direction  in  which  they  fall,  the  fbrm  and 
place  of  the  iigbtnitigs,  and  tbe  divergence  of  tbe  straws  of 
the  electrometer ;  each  of  these  phenomena  requires  all  the 
attention  of  an  observer,  who  also  loses  valuable  time  in 
writing  bis  remarks.  Several  additional  obaerveiB  are  ue- 
ceasary,  who,  being  dispelled  over  tbe  whole  sntface  where 
the  storm  is  visible,  should  each  notice  all  the  indications  in 
his  station,  and  compare  tliem  with  the  rest" 

All  the  capricious  indicatioiii  of  the  electroeoope  are  due 
to  ita  being  jnflaenoed  by  several  strata  of  anperpoaed  clouds, 
irhich  act  and  react  on  each  other  and  on  the  earth,  so  that 
the  electridtiea  are  developed  and  neutralised  altenuttely." 
We  are  accustomed  in  storms  to  see  the  most  powerAil  de- 
velopcmenta  of  electric  tension,  and  it  is  diflicnlt  to  conceive 
how  lightnings  and  clapa  of  thunder  could  occur  without 
there  being  a  very  notaole  electric  tension.  However,  the 
electricity  of  induction  offers  analc^us  effects  on  a  small 
scale.  Insulate  a  charged  Leydeu  jar,  and  bring  the  moat 
■ensble  electroscopes  near  its  outer  coating ;  it  will  not  give 
the  least  sign  of  electrici^ ;  and  yet  it  contains  a  luge 
quantity,  which  is  retunea  by  the  electricity  accnmulated 
on  the  inner  coating:  this  latter  contuns  free  fluid ;  for,  if 
we  bring  the  flnger  near,  a  spark  is  produced,  and  the  super- 
abundant electricity  passes  away  to  the  ground.  But,  then, 
a  portion  of  the  electricity  of  the  outer  coating  Iteeomesfree, 
and  acts  on  the  electrometer,  while  the  inner  coating  does 
not  act,  and  only  begins  doing  so  when  the  outer  coatmg  is 
again  touched.  These  alternate  contacts  may  be  repeatedly 
renewed;  the  part,  which  formerly  seemed  in  the  nentru 
atale,  becomes  electric  as  soon  as  the  other  is  touched.  If  we 
suspend  a  jar  horizontally  by  silk  threads,  and  place  an 
electroscope  near  it,  its  straws  act  as  they  do  during  a  atom, 
with  this  difference,  howeveT,  that  there  are  not  merely  two 
coatings,  but  several ;  for  each  gust  of  wind  condenses  fresh 
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Tapours  which  libenie  ekctrieity :  benee  we  cm  hiiiViHiimI 
bow  complicated  the  phenonienaii  ii. 

All  storms  foniish  a  proof  of  thew  meoeMve  eondenn* 
tions.  Aflash  of  lightning  pat ■  the  wnith,  and  brfbw  the 
clap  of  thunder,  but  rarely  aiterwaidt*  the  nut  or  Infl 
escapes  in  torrents  from  the  dood;  the  dropa  at  fini  ftUiD 
a  line  imdined  to  the  horinm,  and  then  xetnm  to  a  Tcrtied 
direction.  It  is  commonly  stated,  that  the  zain  van  cSeet  of 
the  %htninff  tearing  the  clouds ;  ^  but  it  ii  the  gost  of  wiad 
condensing  tne  vapours  into  larae  drapii  having  fini  drirca 
|hem  into  an  almost  hoiixontal  direction :  hence,  the  cmm 
of  electricity  and  the  daps  of  thunder.  Aa  a  jftooi  tint  m 
condensation  precedes  tne  lightniiig,  the  rain  often  fifli 
before  the  noise  of  the  thunder  is  heard:  now,  the  htta 
travels  333  metres  per  second;  i£,  therefore,  the  rain  wot  n 
effect  of  lightning,  it  would  follow  that  the  dropa  of  water 
would  have  faUen  with  a  velocity  at  least  equal, — a  vdodtf 
which  they  never  have,  even  at  the  end  of  their  ftIL 

Add  to  this,  that  storms  are  finequently  beard  over  a  sur^ 
£ioe  of  many  thousand  square  myriametrea,  and  that  the  eke- 
tricity  of  each  of  their  parts  reacts  on  the  other.  The  ohaerver, 
who  is  situated  on  the  plain,  has  not  a  sufficiently  extensiTe 
Tiew  to  embrace  the  whole,  and  he  who  is  on  a  mountain  if 
most  commonly  enveloped  in  clouds.  In  a  atonn  that  I 
observed  on  the  Faulhom,  August  13,  183S,  the  lower 
clouds  did  not  exist,  and  I  was  able  to  contemplate  the  phe- 
nomenon in  all  its  grandeur.  Many  times  during  the  day  it 
bad  rained  in  the  &tance,  and  also  near  me.  About  seven 
in  the  evening,  the  mass  of  clouds,  composed  of  seveial 
strata,  presented  a  stormy  appearance;  their  lower  snrftee 
was  at  an  elevation  of  about  3300  metres.  Beyond  the 
Diablcrcts  in  the  Bas-Vallais,  and  Glaemisch  in  the  canton 
x>f  Glanis,  nothing  was  visible.  In  this  storm,  which  had 
an  extent  of  more  than  150  kilometres,  the  lightnings  dis* 
tinctly  came  from  five  different  points :  bevond  the  Diablerets, 
in  the  country  of  Vaud ;  to  the  right  of  Kinderhom,  perh^ 
in  Simmcnthal ;  in  the  direction  of  Berne ;  in  that  of  Lu- 
cerne, behind  the  summit  of  Mount-Pilate,  and  in  that  of 
Schwitz.  ^lany  hours  of  observation  convinced  me  that  the 
electricities  from  these  five  points  acted  and  reacted  on  each 
other.  Out  of  at  least  one-third  of  the  lightninss  I  drew 
the  following  conclusions :  in  the  Pays  de  Vaud,  a  flash 
yssaed  l)ctween  two  strata  of  clouds,  for  the  lower  stratum  was 
very  little  illuminated;  immediately  afterwards,  frequently 
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it  the  nme  time,  a  zigzag  flash,  directed  from  above  down- 
wardi,  was  seen  in  the  nd^hbourhood  of  Rinderhom.  Some 
imtanta  afterwards,  electnc  lights  shone  above  Berne,  and  a 
djgag  flash  replied  to  them  in  the  neighbourhood  of  Lucerne, 
md  then  in  that  of  Schwitz.  When  the  atmosphere  became 
Teiy  dark,  I  also  saw  lightnings  in  the  east ;  but  they  were 
too  fiur  off  for  me  to  be  able  to  study  them.  It  is  evident 
that  the  first  flash,  which  passed  in  the  neighbourhood  of 
Vaod,  disturbed  the  equilibrium  of  the  whole  system :  an 
obaerver,  plaoed  at  Schwitz,  would,  therefore,  have  observed 
oacfllations  in  the  electrometer,  the  prime  cause  of  which 
depoided  on  a  flash  of  lightning  that  had  occurred  in  the 
aeic^bourhood  of  Ldike  I^man. 

BBTUKN  STROKE. — It  is  not  Uncommon  to  see  two 
storms  separated  by  a  part  of  the  sky  almost  entirely  serene; 
a  flash  of^lightning  in  the  one  is  followed  by  a  flash  in  the 
ether.  But,  the  earth  being  by  induction  in  a  state  opposite 
to  that  of  the  cloud,  the  electricity  may  recombine  with  that 
of  the  doud  and  produce  a  violent  shock.  Few  events  of 
this  kind  have  made  so  much  stir  as  that  of  July  19, 1785 ; 
of  which  BirAone  has  preserved  all  the  details.  A  Her  a 
fine  morning,  clouds  app^red  in  the  north-west  at  11  o*clock ; 
between  12  and  1  o*clock  they  exchanged  lightnings,  which 
were  succeeded  by  claps  of  thunder  af^er  intervals  of  twenty 
or  thirtjr  seconds.  Suddenly  Brydone  heard  a  loud  detona- 
tion, as  if  several  guns  had  been  discharged  at  short  intervals ; 
this  detonation  was  not  preceded  by  any  lightning.  At  a 
•hort  distance  from  the  house  a  man  named  lender,  driving 
s  cart  of  coals,  was  killed,  as  were  also  his  horses ;  another 
carman,  seated  on  a  cart  that  followed  the  former,  saw  the 
horses  fall  without  perceiving  any  lightning  or  feeling  any 
shock.  Several  pieces  of  coal  were  scattered  about.  At  five 
decimetres  behind  each  of  the  cart-wheels,  there  was  a  hole 
in  the  earth  five  centimetres  in  diameter,  the  middle  of 
which  corresponded  with  the  tire  of  the  wheel.  These  de- 
tails were  confirmed  by  ocular  testimony.  In  the  neigh- 
bourhood, a  shepherd,  who  was  feeding  his  sheep,  saw  a 
lamb  fall  dead,  and  he  himself  felt  a  flame  pass  before  his 
&oe.    This  accident  preceded  that  of  iModmr'm  by  about  a 

auarter  of  an  hour,  and  it  occurred  about  2700  metres  from 
be  place  where  the  latter  was  killed.  A  woman,  who  was 
cutting  grass  at  a  short  distance,  experienced  a  violent  shock 
in  the  feet,  and  fell.  Bell,  the  shepherd,  asserts  that  he  felt 
the  ground  of  his  garden  tremble  beneath  his  feet. 

These  phenomena  result  from  the  action  of  clouds  on 
each  other  and  on  the  earth;  we  may  imitate  them  by 
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time,  the  niountaui 
the  electricity  pm 
pomt.      In  iioine  Cui 
Npanttion ;  oll«n,  indeed,  a  •> 


c  siifKcientlj  far  apart  so  tbat  the  spnrk  CMinot  psM 
fcetfretii  llieni,  B  will  be  electrised  by  induction,  the  e«- 
tremitj  nearer  to  A  will  be  negatirc,  tue  other  positive,  and 
-  ~  "t  number  of  apark^  will  pass  from  B  to  C.  The  sbidb 
lightning  among  several 
e  eanfa.  Suppose  that  a 
\y  induction  ;  ^£,  at  one  of 
I  falk  on  the  ground,  tho 
Bromine  free,  unites  with 
noist.  the  pasnure  is  eaiiilj' 
'Cause  (he  earth  eonducia 
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!  generally  more  frequent 
u,  because  the  winds  pro- 
of Tapouni:  at  (he  siuiw 
ivtuient  of  the  clouds,  and 
tf,  M  it  were,  in  a  «ngte 
iiitsins  are  aclnal  liiii-<  of 
m,  formed  in  the  i>iiiiii  or  in 
avalky,  is  driven  by  the  wind  toward  a  chain  ofmoitntaina; 
it  8tom  there,  whence  it  is  afterwards  dnwn  in  another 
direction,  and  ramified  in  varioni  ■myn.  In  every  village, 
they  will  shew  yon  the  spot  whence  storms  come;  how- 
aver,  these  operations  must  be  subjected  to  scrutiny,  which 
doee  not  generally  confirm  the  received  opinion. 

Mountains  oppose  to  storms  a  purely  mechanical  obstacle; 
the  storm  is  frequently  drawn  onward  by  a  wind  of  moderate 
power,  but  the  cold  air  below  the  cloud  is  predpitated  with 
extreme  rapidity,  and  passes  away  in  ail  directxms;  while 
the  warm  air  above  moves  in  all  mreetioos  toward  the  clond- 
If  the  current  of  cold  air  meets  a  chain  of  movntsins,  it  ex* 
periences  a  resistance,  and  arrests  the  movement  of  the  cloud 
tnr  reacting  on  it ;  if  the  direction  of  the  progren  of  the 
' — ''  is  perpendicular  to  that  of  the  chain  of  mount&int,  it 
imiun  clinging  to  them  for  a  long  time.  If  its  directim 
an  acute  angle  with  that  of  the  chain,  it  dien  follows 
it  until  it  finds  a  valley  whose  direction  is  parallel  to  that 
which  it  had  in  the  outset,  it  penetrates  this  valley,  and  then 
discharges  itself.  Isolated  summitsfrequentlyseparatestoniu 
into  two  parts,  each  of  which  pursues  a  separate  eotuse. 

•TOKHS  IN  WINTSK.—Tbe  formation  of  stomw,  ■■ 
I  have  Raid  already,  is  aocompaoied  t^  a  atow  Mid  MBtiiiMd 
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fall  of  the  barometer, 'which  proves  tliat  south  uinds  j)rc\ail 
in  the  lii^her  re^rions  of  the  atniospliere.  Wlien  the  siseend- 
ing  current  elevates  the  vapours  to  a  great  lieiglit,  they  arc 
npidly  condensed.  The  wind  draws  them  along  with  it; 
wherefore,  storms  in  winter  always  come  with  a  S.W.  wind. 
In  other  cases,  the  storm  is  formed  at  the  point  where  two 
Opponte  winds  meet ;  it  is  then  very  violent,  and  the  state 
of  the  atmosphere  is  troubled  for  a  long  time.  When  cast 
winds  have  oeen  constantly  blowing,  and  the  S.W.  obtains 
the  pre-eminence,  the  weather  becomes  rainy.  During  these 
•torms,  there  is  so  much  confusion  between  the  aerial  cur- 
rents, that  it  requires  the  most  attentive  observation  to 
unravel  them.  I  have  rarely  been  able  to  obser>'e  them  so 
well  as  during  the  storm  of  July  21,  1834;  cast  winds  had 
been  prevailing  for  a  long  time,  the  sky  was  serene,  and  the 
temperature  high,  but  the  barometer  fell  slowly.  On  the 
morning  of  the  day  of  the  storm  there  were  interlaced  cirri 
in  a  sky  with  a  heavy  aspect,  especially  in  the  west.  The 
cirri  gradually  condensed,  the  bnghtness  of  the  sun  l)ccame 
paler  and  paler,  whilst  in  the  east  the  sky  remained  serene. 
After  four  o'clock  its  azure  hue  disappeared  behind  thick 
cirri;  and  bluish  clouds,  the  precursors  of  a  storm,  ascended 
from  the  west  toward  the  zenith,  which  they  passed.  Thunder 
was  soon  heard,  niin  and  hail  fell  in  abundance,  but  the 
clouds  moved  with  variable  velocity.  It  was  for  a  long 
time  evident  that  clouds  were  movuig  from  west  to  east, 
although  the  principal  mass  moved  toward  the  west.  Va- 
poun  coming  from  the  west  mingled  with  air  coming  from 
the  east.  Those  which  were  lower  were  condensed,  Imt 
were  always  driven  back  toward  the  west.  Although  the 
entire  phenomenon  was  a  consequence  of  the  contest  of 
opposite  winds,  yet  it  was  eas}'  to  sec  that  the  combat  was 
more  violent  in  certain  spots  and  was  accompanied  with  a 
condensation  of  vapours  and  a  developcment  of  electricity. 
Indeed,  the  clouds  moved  with  velocity  in  one  point ;  they 
tamed  on  themselves,  and  became  more  and  more  opaque. 
The  lightnings  in  this  point  succeeded  each  other  with 
rapidity,  and  occurred  less  frequently  in  the  other  parts  of 
the  skv.  This  phenomenon  was  soon  produced  in  another 
part  o^  the  sky,  very  distant  from  the  former,  and  the  light- 
ninffs  ceased  in  the  first  point. 

Thus  it  is  that  all  tne  winter  storms  are  formed,  when 
two  opposite  winds  contend  together,  and  especially  when  a 
storm  arri\dng,  from  the  west,  is  driven  back  by  an  east 
wind.  At  the  moment  when  the  storm  breaks  out,  the  baro- 
meter generally  begins  to  rise.    But  storms  are  seldom 
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Ytxy  violent  iu  our  countries,  for  the 
cbwrsed  with  vapours  for  a  notable  quantity  of  electricity 
be  teve]i)ped.  They  are  very  common  ia  the  neighbour* 
hood  of  the  coaetg,  where  toe  tempenUure  in  winter  if 
higher,  &nd  the  evaporation  more  abundant  than  in  the  ttt- 
t^ior  of  the  country ;  but  their  tluration  is  nut  eo  lon^ 
Ibr  the  electricity  produced  is  soon  exhausted,  nod  cquiti- 
hrinm  K  iouui"'"*-'"  —  — '-'^"■■^■"d. 

UOHTNI  TBONDES.  —  When   a 

.stoim  is  situat<-  i,  we  observe  in  the  even- 

ing, Ul4  (luri  briUiant  fliuhca  of  light- 

ning, white  no  cause  tlic  storm  it  too  far 

diatantfrom  t; 

able  to  reach  ^ 

angular  heigh.  netimes  btppen  that  t 


when  they  are  itmosphere ;  for  theo  the 

iOund  produCM  ed  air  is  weak< 

•od  more  ns  it  t.  Tcater  dcneity. 

One  serene  L.  we  after  sunset  

tent  lights  that  it  wrtion  of  the  sky; 

•re  calltii  /ierit-lifr..,n''~.„.  __,   ate  oliscrved  within   the 

tropics,  as  well  as  witn  us.  At  Uemarara,  they  oocnr  at 
the  conunenccment  of  the  rainy  season,  for  then  it  is  tbat 
storou  are  very  conunon  amoi^  the  mooataius  in  the  in- 
terior,  whilst  the  sky  ii  serene  all  along  the  coaat.  W* 
r^ard  these  lights  as  reflections  of  the  li^tninga  of  distant 
Btorms.  Every  one  may  convince  himself  that  ligblninn 
tre  reflected  through  the  air  with  great  intensity  <»  a  dan 
night.  When  a  storm  is  in  the  west,  and  the  rest  of  the 
sky  remains  serene,  we  have  only  to  torn  our  hack  to  the 
storm  to  see  the  lightning  leflected  in  the  east  part  of  the 
heavens ;  and  yet,  in  this  case,  the  oonditions  for  icflectioti 
are  far  less  favourable  than  in  the  preceding  example. 

We  may  in  this  way  percdve  storm*  at  cnonDom  di»- 
tances ;  hut,  es  the  obsenrer  has  not  always  the  opportnni^ 
of  obtaining  evidence  of  the  existence  of  these  ifanns,  it  haa 
tbllowed  that  vsrious  hypotheses  have  been  givtn  in  order 
to  explain  these  lights.  Some  have  thought  them  a  pfao*- 
pborcscence  of  the  atmosphere;  others  have  admitted  dec- 
trie  sparks  in  a  serene  sky.  But  we  commit  here  the  sanw 
ftalt  as  for  storms ;  they  are  observed  at  the  moment  tluj 
break  Ibrth,  and  all  that  precede  them  is  neglected.  !■ 
almost  all  cases  when  I  have  observed  violent  hfati-llght- 
ning,  the  sky  has  been  dnil  throoghout  the  day,  interlMing 
titri  have  been  perceived  here  and  there ;  era;  thing  hm 
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HI  ftsr  the  approach  of  a  storm;  sometimefl  there 
liATe  been  alao  on  the  horizon  ctamdo'ttratusj  which  ae^Md 
mddenly  to  disappear  after  sunset,  but  the  lightnings  be- 
trayed their  existence  by  illuminating  their  forms.  In  this 
CMC,  we  also  reiy  ilrequently  perceive  long  horizontal  bands 
cidmu.  The  barometer  begins  to  fall  or  rise ;  and  in  the 
im^ionty  of  cases,  in  which  I  have  observed  heat-lightnings, 
I  have  found  in  the  public  journals  that  storms  had  broken 
forth  at  a  distance  of  twenty  or  twenty-five  myriametres. 
ICaay  times  these  distant  lightnings  were  followed  by  a  vio- 
lent storm  during  the  night. 

M.  de  lA  Btve  of  Geneva,  and  several  Swiss  philosophers, 
liaving  maintained  the  opinion  that  these  lightnmgs  were  not 
the  eonseqncnce  of  distant  storms,  I  m^y  here  Sdd  certain 
jbets  observed  in  the  Alps,  to  which  I  may  subjoin  many 
others  of  v^ich  I  was  a  witness  in  Germany  and  elsewhere. 

On  the  18th  of  June,  1832,  from  the  summit  of  the 
Bigi,  I  perceived  storms  in  diiSerent  directions;  toward 
evenings  the  sky  was  illuminated ;  and  at  nine  o'clock  there 
were  no  clouds  except  on  the  mountains  of  the  south  ;  these 
also  were  not  long  m  disappearing.  At  ten  o'clock,  I  ob- 
served brilliant  lightning  between  the  south  and  the  S.£. 
beyond  the  Alps ;  a  low  and  almost  horizontal  band  of 
donds,  the  upper  border  of  whicli  was  visible  only  when 
ilinminated  bv  the  lightning,  was  seen  in  the  same  direc- 
tion. Beyond  that,  lul  the  mountains  were  relieved.  The 
lightninss  passed  the  zenith.  Had  I  not  perceived  the  bor  • 
der  of  the  storm-cloud,  I  might  have  believed  them  heat- 
lightnings.  Travellers  afterwards  related  to  me  that  violent 
•torms  occurred  almost  daily  in  north  Italy.  On  July  12, 1 
nw,  together  with  M.  Homer,  at  Zurich,  at  the  south  of  the 
lake,  very  vivid  heat-lightning ;  there  were  cwri  in  the  sky, 
and  the  lights  illuminated  even  the  streets  of  the  town. 

In  the  middle  of  the  month  of  August,  1832,  heat-light- 
ning was  very  frequently  observed  at  Geneva ;  diuing  the 
day  the  sky  had  a  dull  and  dim  appearance.  On  August 
16,  the  subject  was  actively  discusscxi  in  the  So(tH6  de  Phy- 
mjne  et  d*Aiatoire  Naturelle,  After  the  sitting,  heat-light - 
nmg  illuminated  the  whole  of  the  north  horizon,  as  though 
to  put  to  the  test  the  opinions  that  had  been  advanced. 
Daring  the  day  the  sky  had  been  dull ;  toward  the  north  I 
had  perceived  cutnuh'Xtratus  about  the  horizon ;  and  after 
sunset  there  still  remained  clouds  in  the  sky.  Some  days 
after,  the  newspapers  were  filled  with  the  account  of  ravages 
caused  by  storms  m  Baden,  Wurtemberg,  and  Bavaria ;  even 
in  the  country  of  Vaud,  the  lightning  struck  several  houses. 
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If  the  ncw-^papere  hnd  aim  mcnUcined  the  rtorms  thai  bad 
oocamxl  ill  tbis  neich)x>urhood,  witbout  mistng  miMliidV  ' 
ire  mjglii  have  seen  Ui&t  there  were  fonte  eren  dueer  still. 

The  tifxHDoming,  AngUBl  17,  1832,  lightcloadsenvtrcd 
the  Ay :  lowanl  mil'day  cirri  app«aivd,  nnd  the  sfcy  nc- 

r'red  a  (lull  appeannce.  In  going  toward  Cbauibcsy  along 
Lake  of  Genevk,  I  saw  vcrj-  distsul  (-nmtdo-Orahu  U 
serenl  poiiita     -   -      -      ■  -  ,.  their  borders  nero  red. 

Cloudt  conceal  lont-Blnoc  oud  the  ncigh- 

btnuing   moitr  ora    d*   Ranmavre,   wilb     I 

whom  1  jiosse.  '  hoirn,  told  me  that  for    i 

aome  iayt  the  •  lad  beea  extreme,  and  the 

eleetlical  sifnii  !■>  icturnio)^  to  (iencvs    ' 

in  the  evcni[ie.  t  the  horixon  in  all  dirvc- 

tiom;  the  bnl  tnu  diuiioished,  and  the 

clouds  seemed  cd,  althoagh  L  had  dia- 

tinetly  seen  tb  in  hour  betbre  the  eom- 

meneement  of  i>  not  tery  probable  that 

clonds  so  thick  dissipated  in  a  quarter  of 

an  hour.     On  <>i  >  beyimd  Bex  very  virid    | 
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S'     e  in  thL  -Vaib.        well  as  doada,  that  I  had 

during  iiic  day:  h"  ilie  sky  was  iiliiminaled, 
eren  when  I  tunicd  m^  back  to  tbe  storm.  I  fbaJl  not  add 
any  other  facts ;  for,  in  my  opinion,  it  is  certain  that  the 
so-called  heat-lightnings  are  dne  to  distant  storms. 

BAlMT-UIiHO  PIBES.— Wh«n  storm-clouds  are  very 
low,  there  is  frequently  no  lightning ;  the  electricity  oto- 
dnced  by  induction  is  so  powerful,  that  it  escapes  by  salient 
points  in  the  form  of  flames,  as  we  see  at  the  points  of  our 
electrical  machines.  This  phenomenon,  which  was  known 
to  the  ancients  under  the  name  of  Oaator  and  PoUbk,  has 
been  since  named  St.  Ulmo's  Fire.  The  ancients  relate  seve- 
ral instances  of  it,  which  Titus  Livy  ranks  among  his  pro- 
digies.  Flames,  accompanied  witn  a  hisinK  ntme,  and 
leaping  from  point  to  pomt,  had  been  seen  at  tne  extremity 
of  the  lances  of  soldiers  and  of  the  masts  of  ships.  St 
Ulmo's  Fire  is  morcconunonly  seen  in  winter ;  at  least,  the 
greal«r  part  of  the  acconnts  1  have  perused  refer  to  that 
season.  The  following  account  by  M.  de  Porbin  may  fiir> 
nish  an  idea  of  this  phenomenon;  it  occurred  in  1^6: — 
"The  sky,"  said  he,  "  was  suddenly  covered  with  thick  clouds. 
Fearing  a  gale,  I  had  all  the  sails  reefed.  There  were  more 
than  thirty  of  St.  Ulmo's  Fires  on  the  ship;  one  of  than 
occupied  the  vane  of  the  mainmast,  and  was  about  five 
decimetres  long.  I  sent  a  sailor  to  fetch  it.  When  be 
waa  alon,  he  beard  a  noiae  like  that  which  ia  made  when 
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nont  gunpowder  is  burned.  I  ordered  him  to  take  off  the 
Tue;  lie  had  scarcely  executed  this  order  when  the  fire 
quitted  it,  and  placed  itself  at  the  apex  of  the  mainmast, 
whence  it  could  not  possibly  be  removed.  It  remained  there 
te  a  long  time,  and  then  gradually  disappeared.  The  storm 
tenninatel  by  a  shower,  which  lasted  for  several  hours.** 

On  mountains  this  phenomenon  is  still  more  common 
when  electrised  clouds  pass  near  them.  De  Saussvre  saw 
Ik  on  the  Alps,  and  I  have  myself  also  observed  it.  Need  I 
add  that  this  flame,  notwithstanding  its  analogy  to  fire,  does 
not  bnm  the  objects  it  touches ;  the  points  of  our  machines 
ttre  not  heated  even  when  the  greatest  qiuuitity  of  electricity 
pMses  through  them. 

If  there  exist  between  the  cloud  and  the  earth  other 
bodies  that  may  be  electrised  by  induction,  then  the  latter 
may  also  part  with  electricity,  which  will  be  visible  in  the 
form  of  flame.  A  shower  of  phosphorescent  snow  has  fre- 
qnently  been  seen  to  fall  to  the  earth ;  and,  in  this  case, 
toere  is  always  a  strong  charse  of  electricity  in  the  air. 

We  have  now  examined  the  most  important  phenomena 
that  accompany  a  powerful  developement  of  electricity.  The 
obsenntions  which  prove  their  connexion  arc  still  far  from 
complete ;  and,  in  order  that  they  might  be  thoroughly  con- 
▼incmg,  they  must  Ik*  repeated  continually,  and  at  dincrcnt 
parts  of  the  globe.  However,  it  appears  to  me  demonstrated 
that  electricity  is  not  the  cause  oi  the  modifications  of  the 
atmosphere ;  and  its  most  formidable  manifestations  occur, 
because  the  electricity  liberated  by  the  precipitation  of  the 
I'aponr  of  water  ciumot  be  neutralised  except  by  a  spark. 
A  great  many  philosophers  do  not  share  in  tliis  manner  of 
viewing  the  subject ;  but  I  should  be  carried  too  far  were 
I  willing  to  refute  their  opinions. 

HAIL. — From  the  origin  of  Meteorology,  a  multitude 
of  dififerent  explanations  of  this  phenomenon  have  been 
givoi;  and  even  now  philosophers  are  far  from  agreeing 
with  each  other.  How  are  we  to  understand  that,  during 
the  fine  season,  and  the  hottest  days,  considerable  masses  of 
ice  fall  ?  Why  certain  countries  are  ravaged  by  hail  almost 
every  year,  whilst  adjacent  localities  are  almost  entirely 
spared?  Is  hail  formed  at  a  great  height  in  the  atmo- 
sphere, or  at  a  moderate  distance  from  the  surface  of  the 
earth  ?  Such  questions  as  these  have  been  often  raised,  but 
ne^'er  solved. 

Three  species  of  hail,  founded  on  the  different  sizes  of  the 
hailstones,  are  generally  distinguished.  But,  to  nrove  that 
this  distinction  has  no  scientific  importance,  it  will  be  suffi- 
dent  for  me  to  observe^  that  no  attempt  has  ever  been  made 
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to  dUtinffuiflh  the  micnwoopc  flikes  of  mofv, 
sionallyfloAt  during  winter  m  the  lower  regions  of  the  atno- 
spberc  when  the  weather  is  serene,  from  the  luge  flska 
whidi  fitll  during  moist  weiUhcr.  Evexy  one  know^  too, 
that  between  the  fine  rain  which  escapes  ftom  m  moist  fog 
and  the  showers  of  lar^  drops  ftom  a  stonn-dond  there 
arc  all  imaginable  transitions. 

Very  small  hailstones  are  termed  «£mI.  Generally  qihe- 
rical,  or  almost  spherical,  they  rarely  attain  a  diameter  of 
two  millimetres ;  though  Uiey  may  reach  three,  or  even  fimr. 
Isolated  hailstones  are  opaque,  frequently  soft,  and  of  a 
whiteness  approaching  thi^  of  snow.  The  laxgcst  are  some- 
times surrounded  with  a  slight  film  of  ice ;  they  fall  in  win- 
ter and  in  spring,  during  gusty  weather ;  they  rarely  aooom- 
pany  storms. 

Forms  of  Hailstones. — True  hail  has  generally  the 
form  of  a  pear  or  of  a  mushroom,  terminated  by  a  xtnindkli 
.suiface.  it  is  an  opaque  mass,  analogous  to  hardened  snow. 
The  large  hailstones  are  surrounded  by  a  thick  coat  of  ice, 
and  are  composed  of  alternate  layers  of  snow  and  ice.  No 
obscn'cr  has  seen  hailstones  formed  of  transparent  ice ;  all 
mukc  mention  of  a  snowy  nucleus.  The  grains  frequently 
resemble  spherical  pyramids  or  pyramids  with  three  faoo, 
terminated  by  a  base,  that  is  a  portion  of  a  sphere.  Thos 
^IM.  Delcroa,  Noeccerath,  and  other  observers,  think  that 
the  primitive  form  of  hail  is  a  sphere  that  breaks  to  pieces 
in  falling.*  I  think,  however,  that  the  pvraniidal  form  is 
the  primitive  form  of  hail;  for  the  uucfei  of  snow,  sor- 

•  I>E.«r4ETEs(  put  forth  analoffoai  idoM  on  thL«  mlject.  We  md  ■«  iU> 
lows  in  Ills  ifixth  Ducuurs  mr  Irs  ilrttorrs  : — "  That  if  the  hiow  in  not  ;tt 
hu  nielteil,  but  merely  a  little  warmed  and  softened  when  the  coM  wind  that 
coiiTcrts  it  into  hail  arriTct,  it  will  not  become  entirely  tnuvparmt,  bat 
r«-main4  white  like  rugar.  And,  if  the  flakes  of  snow  are  Mifllciently  snail, 
as  the  »ize  of  a  pea  or  less,  each  is  converted  into  a  tolerahly  roaiid  hail- 
stone :  but,  if  they  are  lanter,  they  melt  and  divide  into  several  Kft'M'^**^ 
all  pointed,  and  in  the  form  of  pyramids.  For  the  heat  that  retires  into  the 
pores  of  these  flakes,  at  tlie  moment  when  the  cold  wind  bet;ln.4  to  surroimd 
them,  condenses  and  presses  together  all  their  jtarts,  acting  Aruno  their  dr- 
cuniferences  tom-ard  their  centres,  which  makes  them  l»ecome  very  round; 
and  the  cold,  penetrating  them  immediately  after,  and  freeiing  them,  ren- 
dei*s  them  much  harder  than  snow.  And  because,  when  they  are  somewhat 
larye.  the  heat  they  ctmtam  within  still  continues  to  make  their  interior 
parts  press  together  and  condense,  by  always  acting  toward  the  centre,  after 
their  outer  surfaces  are  m>  hardened  and  congealed  by  the  cold  that  they 
c  uinot  foll4)w,  it  i^  a  necessary  consequence  that  they  must  break  witMa, 
along  plains  in  straight  lines  tending  tom-anl  the  centre,  and  that  the  cracks 
hhali  increa«o  the  more,  in  proportion  as  the  ctdd  penetrates  noorc  onwanl; 
finally-,  they  bunit,  and  arc  divided  into  several  pomted  pieces,  which  are  so 
many  hailrtones." 

MM.  Klik  de  Reaumont.  ViaLCT  and  Aiar,  have  also  obaerred  hail> 
stones  having  the  forms  of  a  spherical  pyramid.  They  assign  to  them  the 
••amt'  probable  origin  as  Dbscabtks  had  ]>rvvioosly  mentioned  (Vide  Cuisylff 
fcndui  dr  I'Acai,  dft  Scifncft,  t.  Iv.  pp.  749,  801,  and  922).^M. 
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rounded  by  a  stratum  of  ice,  frequently  present  this  appcar- 
inoe ;  and,  on  the  Alps,  I  have  found  that  sleet  generally 
iffbcta  this  form.  Grains  of  sleet  form  the  centre  of  hail - 
itonea ;  and  I  think,  with  da  Sanssure,  that  sleet  is  changed 
nt5  hailstones,  as  it  descends  in  the  atmosphere,  in  conse- 
|uenoe  of  the  addition  of  new  layers  of  ice. 

Hailstones  formed  of  transparent  ice  are  rain-drops,  fidl* 
ing  from  clouds,  brought  b^  south  winds,  which  meie  in 
trayersing  cold  strata  of  air  m  contact  with  the  earth. 

SiEE  OF  Hailstones. — It  is  often  very  notable ;  but  we 
ihould  inquire  whether  the  masses  mentioned  in  authors  are 
not  due  to  the  agglomeration  of  a  great  number  of  hail- 
itones  which  have  united  in  falling.  Every  ^ear  we  find 
iocounts  in  the  newspapers  of  enormous  nailstones  that 
luiye  fiiUen  in  various  places.  Let  it  suffice  to  mention  a  few 
instaneet.  April  29,  1697,  according  to  HaUej,  there  were 
picked  up,  in  Flintshire,  hailstones  weighing  120  to  130 
grammes ;  and  May  4,  of  the  same  year,  Taylor  measured 
some  hailstones,  in  Staffordshire,  that  were  three  decimetres 
in  dnnimference.  Parent  assures  us,  that  on  May  15, 1703, 
hailstones  were  found  at  Ferche  as  large  as  the  fist.  Mon- 
ttSBOt  uid  Trassmn  collected  some  at  Toul,  July  13,  1753, 
the  form  of  which  was  that  of  irregular  polyhedrons,  and 
the  diameter  eight  centimetres.  MnsBthanbroeck  ob- 
served at  Utrecht,  in  1736,  a  heavy  hail-storm,  of  which  all 
the  hailstones  were  as  large  as  a  pigeon's  egg;  some,  formed 
by  the  agglomeration  of  several  others,  were  as  large  as  a 
hen's  egg.  In  North  America,  according  to  Olmsted,  hail- 
stonea  ml  every  year  larger  than  hens*  e^.  May  7,  1822, 
Woanermth  collected  hailstones,  the  weight  of  which  was 
190  fframmes.  In  1 8 1 1 ,  Mm&cke  found,  in  Uanover,  a  ffreat 
number  of  hailstones,  weighing  120  grammes.  In  a  nail- 
•torm,  that  committed  sreat  ravages  on  the  banks  of  the 
Nile,  Aufust  13, 1832,  tnc  heaviest  hailstone  found  by  Vo- 
i^  at  I&insberg  weighed  ninety  grammes ;  at  Randerath, 
in  the  district  of  Geilenkirchen,  the  hailstones  weighed  from 
120  to  240  grammes ;  some  are  said  to  have  been  picked  up 
weighing  500  grammes.  At  Elberfcld,  the  hailstones  were 
M  &rge  as  a  hcn*s  e^.  During  a  hail-storm,  October  5, 
1831,  masses  of  the  size  of  the  fist  fell  at  Constantinople. 
Half-an-hour  afterwards  some  weighed  as  much  as  500 
grammes.  Analogous  masses  are  mentioned  as  having  been 
picked  up  in  the  end  of  the  month  of  May  1821,  atPales- 
trina  in  the  Roman  States.  Add  to  this,  June  15,  1829, 
Ihe  hail  beat  in  the  roofs  of  the  houses  at  Cazorta  in  Spain ; 
the  blocks  of  ice  are  reported  to  have  weighed  two  kilo- 
grammes.   It  is  probable  that  they  were  agglutinated  hail- 
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stones  1  we  cannot  doubt  iii'a  in  regard  lu  a  mnsi  that  fell  ia 
liangary,  Mnr  6,  183'i.  which  wns  one  tuetr«  iu  leuglh 
vul  width,  anu  seven  ikcimctrci  in  length.  Aiiolher  block, 
equallj  large,  fell  near  SeringapataiQ  about  the  end  of  tbe 
leign  of  Tippoo  Saib. 

Relics  of  Btr 
stonea ;   and,  in 
Much  has  bee 
of  iron  ami  hi 
collected  at  0\ 
induce  our  bel 

BPOCHS 
that  it  only  h 
hare  collectci] 
Germany  anJ 
ksowtei^e,  u 


itave  RoBc  nould  tend  lo 
HI  if  «ontroTert«d. 
. — It  i»  gcoeraily  admilKiI 
.  To  test  this  aSBertioa,  I 
1  of  ^1  tbe  bail-storms  in 
liave  happened  within  loj 
the  following  tahle  : — 
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Thin  table  ihews,  that  hail  falls  at  alt  honn  of  the  day ; 
but  that  it  falli  more  coridmhiIj  sbont  tnid~dBj  or  looD 
after,  at  the  moment  of  the  greatest  diurnal  heat.  The 
mimbere  then  diminish  in  a  jery  regular  manner ;  but  at 
the  houn  nine  and  nineteen  thej  are  greatest,  whkh  might 
be  suppoMsd  d  priori. 

Tliese  figures,  it  is  tme,  are  borrowed  from  the  EpkBoii' 
ridet  de  Matmheim,  and  the  hour*  indicated  are  thnae  at 
which  the  instruments  are  observed.  It  is  probable  that 
the  hail  which  fell  in  the  interrols  was  resiatered  at  the 
time  when  the  instruments  were  observed.  The  exact  mo- 
ment is  onl;  menticHied  in  thixe  cases  where  the  bail-storm 
occurred  several  hours  before. 

Nocturnal  hail  is  not  very  uncommon.  I  have  related 
a  great  many  instances  in  my  Treatite  on  Meteoroiegi/, 

UAII.  IN  TRB  DirrsaEITT  ■BASOMS.— Hail,  fike 
nun  and  stornu,  does  not  occur  with  equal  freqnen^  in  all 
teaaouB.  Asaoeiating  with  it  sleet,  which  does  not  Knnbly 
flifler  fh)m  hail,  we  find  that,  in  Europe,  it  is  leM  eomoHRi 
as  we  recede  from  the  sea-coast*.  Repraentii^the  anmber 
of  times  it  hails  in  a  year  b^  100,  we  find  for  the  di'" 
Kasona  the  following  proportional  nombeiv ; — 

DisntiBimoR  OF  HAJii-tBowaM  tm  thb  rem*  siaa 


„».. 

...... 

ADTnMlf. 

EngkDd     . 
Fnoce  .    . 
Gtrmaay   . 

32,8 
10,3 

9,9 

29,S 
39,4 
46,7 
33,S 

3,0 
7,0 
29,4 
50,6 

22,0 
13,0 

(Vidt  Appendix,^.  43.) 

Thus,  in  England,  sleet  or  hsil  principally  falls  in  winter; 
and  the  number  of  summer  hail-stonns  is  relatirdr  very 
mall.  lu  France,  the  sleet,  known  by  the  name  afgiboMUet, 
ia  very  frequent  in  spring.  In  summer  the  number  in- 
ereasefi ;  and,  in  the  interior  of  Europe,  half  the  total  num- 
ber of  showers  of  hail  occni 


or    HAIL   IN    THE    HIOHER    mBOIOMI   Or  THE 

ATMOSPHERE. — It  would  be  very  interesting  to  the  his- 
tory of  this  meteor  to  compare  observations  comprising  seve- 
lal  yean  and  made  in  neighbouring  localities  j  for  there  are 
cmuttries  that  are  frequently  ravaged  by  hail,  whilst  this  is 


r&rcly  the  fate  of  oUier  ntigbbouriog  countries.  Thus, 
Bctacuchaer  alEttas  tbU,  in  the  Swira  Tallcys,  n-hieli  run  east 
and  west,  as  Le  ValkU  aud  that  of  GUnis.  twenty  yeaia 
sometimes  e\a.pte  without  hul.  More  recenllv.  M.  de  Bncfa 
has  eaid,  that  nulla  nre  in  all  the  vullcys  where  the  goUrv 
and  the  crftau  are  observed;  but,  at  the  opwiiiig  of  thc«e 
*»lle*T,  where  thpv  are  mnfnnnrled  with  the  eountry  called 
;h  Alps,  hail  is  veiy  com- 
e  mouth  of  the  v^lev  of 
iiost  every  year :  uia  da 
d,  that  countries  situated 
;h  mountains  are  nfflicted 
Ltly  thaa  tliotte  placed  at 
linMice  from  these  tnoun- 
ibat  hul  is  not  lo  commou 
)ve  the  lake  of  Ncuch&lcl, 
with  hail.  In  the  village 
ea  aI>ove,  rain  tails,  whilst 
,  a  the  shores  of  the  lake. 

oin  Le  out  from  the  valley  of 
.  ,.  -Jiara[c  iiii;m9eii..,^  in  the  form  of  rain  ii)  the 
ipWratcd  re^ns,  and  of  hul  in  the  lower  ooontries.  Near 
Cknuont  in  Aavei^ne,  at  the  foot  of  the  monntains,  ctonw 
are  frenuent,  and  they  aic  always  Moompanied  by  hoiL 
The  villages  of  Blauzat,  Ch&teangue,  and  Sayat,  m>esr  to 
be  coodemned  annually  tu  these  ravage*.  On  ue  otiier 
band,  M.  d«  lavtcn*.  cnr^  at  Vemet  in  tbe  moonlaui, 
affirms  that  these  showera  are  rare  between  Hont-Dore  and 
Pny-de-D6me,  and  that  he  has  seen  hail  fUl  but  onoe  in 
ty-three  years.  This  n^pon  is  not  &r  from  Ibe  vil- 
tbat  we  nave  namedj  it  ta  merely  sitiiated  400  metres 

Tbcse  observations,  which  would  seem  to  ertablish  a  pre- 
sumption  that  bail  is  formed,  or  increases  in  the  lower 
regions  of  the  atmosphere,  are  difficult  of  explanation.  We 
should  not  forget  that  these  notices  reach  na  from  ciilti< 
vators  who  merely  remark  the  hail-storms  that  «llwiini«l> 
their  harvests,  and  moke  no  mention  of  the  rest.  Local 
circnmstancet  must  have  a  great  inRnence  over  the  frv- 
qnency  of  hail.  If  the  clouds  are  arrested  by  a  chain  of 
mountsiug,  liail  ia  more  common.  Some  observers  have 
very  frequently  seen  it  fall  in  elevated  n^iani ;  the 
following  are  some  examples : — 

Da  suManrs,  during  his  stay  of  thirteen  daya  va  tbe 
Col  dc  Geant,  at  tbe  height  of  3428  metrea,  wai  atroek  witb 
the  frequency  of  hail  and  sleet,  which  be  obssred  eleven 


twenty-three 
lagea'"^ 


aut-  sat 

time*.  Bkimmt  experienced  a  ahower  of  hail  dozing  the 
night  tb&t  he  pasted  on  the  rammit  of  Mont-Blanc ;  and 
FacoBTd  found  mnch  hail  beneath  the  mow  with  wbidi  the 
mnunit  is  covered.  D«  SaiuaBra  hence  concloded  that 
aleet  is  formed  in  the  hiffheat  n^pons  of  the  atmosphere, 
and  that  it  is  trantforraea  into  hail  during  ita  fall.  Onm- 
atciB,  in  hie  ascent  of  Mont-Roee,  June  13,  1822,  expe- 
rienced it  at  the  height  of  46S0  metres ;  and  Waidm  ta,yt 
that  rains  in  the  plains  are  halt  or  sleet  in  the  monntains. 
The  same  obserratioiu  apply  to  Glarus.  The  shepherd, 
Haer,  at  Matt,  has  assured  me  that  the  Dasturagea  of  the 
High  Alps  were  frequently  covered  with  hail ;  and  his  aon, 
Oawald  Haer,  communicated  to  me  the  following  accounts : 
"  I  was  with  some  friends  on  the  glaciers  of  Glaemisch,  at 
about  2000  metres  above  the  sea :  suddenly,  a  black  cloud, 
coining  flrom  the  east,  deprived  ns  of  the  sight  of  Bachistock, 
which  rises  in  the  neighbourhood.  Soon  uterwards,  several 
formidable  clapa  of  thunder  re-echoed  among  the  monntains 
of  Glaemisch,  and  we  saw  several  hailstones  &11.  We 
descended  rapidly  about  300  metres  before  the  cloud  hutst. 
We  were  surrounded  with  lightning  and  thunder,  and 
inundated  with  hail  and  rain.  We  took  refuge  under  a 
rock ;  the  clouds  soon  rose  in  the  west,  and  formed  a  semi- 
circle, beneath  which  we  saw  the  country  of  Uri,  lighted  up 
by  the  rays  of  the  snu.  On  coming  out  from  our  retreat, 
we  perceived  a  second  clood,  which  soon  burst  over  our 
head  with  a  terrible  crash.  Hul,  mixed  with  rain,  followed 
us  for  several  hours.  Some  cabins,  constructed  by  shep- 
herds, offered  us  an  asylum,  where  we  passed  the  night.  In 
the  valley  of  Serutti,  at  the  foot  of  Glserniscb,  at  715 
metres  above  the  sea,  as  also  at  Glarus  (468  metres),  no 
rain  fell,  but  it  bailed  in  the  whole  mass  of  GlaemiBch.  I 
regard  our  Alps  as  being  excellent  paragrelet.  In  the 
plains,  it  hails  frequently;  hut  in  the  valleys,  at  Matt,  for 
instance,  hail  is  very  rare :  on  the  contrary,  it  frequently 
falls  on  the  summits.  At  some  Alpine  pasturages  above 
Ammon,  near  the  lake  of  Wallemstadt,  they  saj  that  bail 
occurs  seveial  limes  during  every  summer." 

These  observations  seem  to  prove  that  hail,  or,  at  least, 
sleet,  frcijuently  falls  in  the  Alps,  whilst  it  rains  in  the 
jdain ;  this  evidently  arises  from  the  melting  of  the  hail- 
stones before  they  reach  the  plain.  M.  de  OharpantlaT,  at 
Bex,  entirely  shares  in  this  opinion.  He  regards  the  larger 
drops  of  rain  that  so  frequently  fall  during  storms  as  melted' 
hailstones.  Although  hail  rarely  falls  at  Bex,  the  moun- 
tains in  its  neighbourhood  are  frequently  covered  with  a 
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bed  of  hail  that  is  readily  diatiii^giiiahed  fttai  the  mmr,  hy 
its  less  hrUliaat  white  tint  On  the  Fanlhorn,  sod  w  the 
Itigi,  I  have  frequenay  seen  sleet  or  hail  fidl,  whilst  it  iw 
raimng  in  the  plain.  On  the  soath  ■nnmut  of  theBagntaSi 
about  2924  metres  hu^  »awie«a  experienced  a  heavy 
shower  of  hail,  fbllowea  by  sleet  and  snofr,  which  eoifcnl 
the  mountain  to  about  200  metres  below  the  simuHt 
During  his  geodesic  operations  in  the  Pyreneea,  ^  Tijiisi 
was  frequently  interrupted  by  haiL 

On  examining  meteoroloffical  regMters  kept  in  the  Alp 
and  their  environs,  we  see  uat  hail  is  no  anoommon  ph^ 
nomenon  in  these  mountains.  The  following  are  a  ftv 
from  among  a  ffieat  number  of  fiietB  borrowed  frosa  Ae 
Ephemhidt$  deMoMnheim. 

On  the  10th  and  3l8t  of  Mav,  and  the  9th  of  Angvt, 
1 782,  there  were  storms  and  hail  in  Bavaria,  and  snow  oa 
Blount  St.  Gothard.  The  26th  and  27th  of  May,  17831, 
there  was  a  storm  and  hail  in  Bavaria,  and  hail  on  Meost 
St.  (lOthard,  when  the  thermometer  was  still  below  aere. 
at  7  A.M.  The  10th  of  August,  hail  in  several  conntrics: 
on  the  St.  Gothard  the  thermometer  did  not  rise  abore 
frc-ezin;;  iK>int.  Snow.  August  23d,  the  same  phenomena. 
May  2i>tn,  1787,  storm  and  hail  all  day  at  Padua;  soowod 
St.  Bernard  and  Monte-Baldo.  May  27th,  Nunc  thing  st 
Geneva  and  on  St.  Gothard.  June  7th,  1789,  hail  in  the 
nitrth  of  Italy :  snow  on  the  Alps.  Same  phenomena  oo 
the  last  (lavs  of  June,  the  14th  of  Julvt  1790,  and  the  28th 
of  July,  1792.» 

HAXIa  BETWEEN  THE  TROPICS. —  It  is  verv  rSFB, 

aiul  alto'^etlier  unknown  at  Cuniana.  The  liail  which  lidl 
at  Martinique  in  1721,  according  to  ChaavaUon,  ezdted 
the  greatest  astonishment.  Denbam  and  Clappcrtim  sav 
h:iil  fall  in  the  interior  of  the  African  continent.  At  Tatts, 
nt.\ir  the  mouth  of  the  Indus,  Btimes  experienced  a  hail- 
storm :  and  he  saw  hailstones  fall  near  Teschawer  of  the 
size  of  bullets. 

At  #00  or  i\QO  metres  higher,  hail  becomes  more  common, 
according  to  the  olHservations  of  MM.  de  Humboldt,  at  Ca- 


*  Fnun  the  27tli  to  the  Slst  of  July,  1M2.  the  w«athcr  wan  tempeiti 
and  vi-rv  varUblo  on  the  Faulhom.  During  the  ttivys  uf  the  37th  uid  aotk. 
W.  r::L: lEK  oliservvd  at  left^t  tventy  alternatiun*  of  hiow  and  Meet  on  eachtf 
t)K>^<  iiift\ii.  Every  time  that  the  cloud  or  fo$;  eiivvloping  the  omuntauu  VM 
wlitU'.  the  elect rictty  w«<t  imworfully  poaiitive,  and  mmw  fell  in  ahuiuUoce. 
'T\v.*  <-!aiid  wait  <(ion  foUuu-ed  hy  a  ^y  ckiud  that  mve  forth  ^leet,  and  tlw 
diotriiMty  of  which  had  w  great  a  negstiTe  teoMon,  that  no  intttniuMBU 
r-  .li-i  nii-aMuv  it.  M.  I'SLFiKa  think*  that  sleet  must  l>e  negariled  a^diMincC 
I  nun  tlie  true  hall,  which  falb  in  the  plains,  and  which  alwajs  hai  aqieriticf. 


Hims  mnns  bau..  8SS 

nccH ;  ffantiMid,  in  Pern ;  a*  B«yn*,  at  Uyton ;  Mnw* 
and  Boppel,  at  Habeach.  Horeorer,  ou  the  ifth  of  A&giut, 
1830,  BO  abundant  a  fall  of  hiil  oeenried  in  Mexjeo,  dat,  m 
the  streets  of  the  city,  the  bonei  were  knee-de^.  Thai, 
then,  if  rain  is  w  rare  in  the  pUina,  it  ii  beeaute  the  bail' 
■tones  melt  during  their  &11. 

NOI8B  DtntiNQ  HAiib — Some  ancient  aothon,  nuh 
m  Arlatvtia  and  Iiverattns,  have  «aid  that  a  yeij  lond 

loige  ia  heard  when  a  clond  "*— ' — '  .~;>i.  v.:i 1 — 

the  zenith.    Modem  Dbaerrc 


.  ._.  Thta  Turise  is  neither  that  of  a  tempest,  nor  yet  the 
loUiog  of  thunder;  it  ia  aometisies  to  loud  that  it  drowns 
tltat  of  thunder.  Tessier  says  that  he  obterved  thia  in 
France,  on  July  13th,  17B8;  and  Kaim  obaerved  it  at 
Moscow,  April  30tb,  1744.  TunuBuum  asaerU  that  he 
nerer  heard  this  noise  before  the  Gdl  of  hail ;  others  affirm 
the  contrary.  It  is  probably  dther  due  to  the  hailstones 
beating  against  each  other,  or  to  the  conflict  of  comtraiy 
winda;  the  latter  are  often  so  violent,  that  the  hailstonee 
are  transported  in  a  horizoatal  direction.  It  is  often  ob- 
served that  the  wind  blows  in  puffs,  and  that  each  of  them 
is  accompanied  by  a  torrent  of  hail.  If  the  hail  fidls  as 
usual  at  interrats,  we  tee  that  hailstones,  which  are  at  first 
driven  horizontally,  finally  mingle  with  the  drops  of  rain ; 
in  the  end,  there  isnothinir  but  rain;  the  drops  of  which  &U 
Tertically  to  the  surface  of  the  soil." 

HAROH    OF    areSM-OLOTTDS    OHAROXD   mTH 

BAIL.  —  It  is  frequently  observed  that,  notwithstanding 
their  violence,  and  the  storm  which  occompanie*  tfaem, 
showers  of  bail  arc  circumscribed  by  a  very  mniled  space. 
At  a  few  myriametres  ftom  the  place  where  the  hail  has 
fallen,  not  even  wind  has  been  felt.  The  hail  frequently 
covers  a  long  and  narrow  belt.  MaBBcksmbroaek  has  men- 
tioned this  circumstance,  and  the  limited  number  of  com- 
plete descriptions  in  our  posM^ssion  confirms  this  idea.  A 
Btonn  of  hail  that  occurred  in  the  Orcades,  July  24,  1818, 
was  of  this  kind.  The  storm  of  August  1 3, 1 832,  came  from 
Holland ;  it  traversed  the  Meuse,  and  destroyed  all  the  crops 
along  the  Rhine  for  a  space  of  9  or  10  myriametres,  with  a 
widtL  of  from  1  to  1)  myriametres.  A  storm,  described  by 
M.  Teaaler,  made  a  great  impresmoa  on  the  mind.  It 
commenced  in  the  mombg  in  Uie  south  of  France,  and  in 
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a  few  hours  reached  HoUand.    Thenkeci  doteOfeAlythe 
hail  formed  two  parallel  lines  from  S.W.  to  NJT;  one  vu 
70  and  the  other  80  myriametreB  long.    Hie  ann  width  of 
the  west  line  was  16,  and  that  of  the  CMi  line  8  HI— ttm. 
The  space  comprised  between  the  two  liDei»  the  wid&  of 
which  was  2  myriametrcs,  was  spared;  tbeie  mcnlTMia 
heavy  rain.    It  also  rained  much  on  the  east  and  the  mt 
of  the  two  lines.    The  storm  was  pieoeded  by  an  olntaiaUoe 
of  the  lieht  of  day;  it  traveUed  about  66  kikmetRS  per 
hour,  and  its  velocity  was  the  same  in  both  the  aono*   Li 
tiie  west  zone  the  htul  fell  at  La  Roehclle,  alter  a  storm  thsk 
had  lasted  all  the  night ;  at  17^  30",  in  Tonraine,  near  LodHi; 
at  IS^'SO-'fncar  Chartres;  atl9^30*,atKamboailkt;ataQ^,M 
Fontoise ;  at  20^  30",  at  Clermont,  in  BeanToiBia;  at  2l\  at 
Douai;  at23^atCourtrai;  atOi>30",andatFleBBiiiigae,abort 
1^  30">.    In  the  west  zone,  the  storm  reached  Artenay,  nen 
Orleans,  at  1 9^  30» ;  Andouv U  le,  in  La  Beanoe,  abont  20^ ;  tls 
Faubourg  St.  Antoine,  Paris,  20^30*;  Crespy,  in  Valois,alMNit 
21»»  30" ;  Catcau-Cambrcsis,  23«» ;  Utrecht,  2*  30-.    At 
place  the  hail  only  fell  for  seven  or  eight  minutes,  but 
so  much  violence,  that  all  the  harvests  were  cut  to 
Of  all  the  great  hail-storms,  there  is  not  one  of  whiefa  we 
have  such  exact  information,  and  yet  it  is  still  insuffideat ; 
thus  the  direction  of  the  wind,  and  that  of  the  clouds  before 
and  afler  the  storms,  and  on  the  two  sides  of  the  space  where 
the  hail  fell,  have  not  been  pointed  out. 

ATMOSPHERIC  PRESSURE  DURING  HAII^^Pa 
Carla  was  the  iirst  to  say  that  hail  was  entirely  a  local 
phenomenon.  M.  de  Buch  is  of  the  same  opinion.  But, 
thoiif^h  the  fall  of  hailstones  be  local,  the  storms  and  nia 
by  which  they  are  attended  are  not  so.  It  follows,  from  all 
the  descriptions  of  hail  in  our  possession,  that  it  must  be 
attributed  to  the  mutual  conflict  of  north  and  south  winds, 
and  that,  at  the  point  where  the  shock  is  most  violent,  there 
is  the  greatest  fall  of  hail.    The  state  of  the  barometer 

5 roves  this.  I  have  extracted  from  the  Ephemende$  qf 
_  lamiJia'm  the  seventeen  heaviest  hail-storms  that  have  oc- 
curred in  south  Germany,  and  have  compared  them  with 
the  height  of  the  Imrometer.  Li  three  cases  the  barometer 
rose  from  tlie  evening  before  until  the  time  when  the  hail 
fell;  but  the  maximum  of  this  rise  was  1"".  In  all 
other  cases  it  fell ;  and  the  mean  of  the  seventeen  cases 
gave  a  fall  of  •2'"°',.5.  From  the  day  of  hail  to  the  following 
day,  it  remained  stationary  in  three  cases :  in  two  others  it 
fell  beyond  1"'",3 ;  in  all  other  cases  it  rose,  but  never  more 
than  2°"",8G.    We  should  conclude,  from  these  oscillations, 


ATMOSPHXBIC  PRESSURE  DURING  HAIL.  385 

that  hail  is  brought  by  south  vrinds  entering  into  conflic 
with  those  from  the  north. 

This  explains  to  us  a  fact  that  would  remain  altogether 
incomprehensible  were  hail  to  be  regarded  as  an  entirely 
local  phenomenon.  It  is  often  observed  that,  after  hail,  the 
weather  remains  unsettled  for  whole  weeks ;  in  particular, 
it  is  followed  by  cold.  But,  as  the  hail  itself  is  produced  by 
the  conflict  of  two  opposite  winds,  that  which  drives  the 
other  back  changes  the  weather  for  a  long  time.  The  rise  of 
the  barometer  proves  that  the  north  wind  usually  obtains 
the  predominance ;  and  the  more  so,  as  in  melting  the  hail 
absorbs  a  very  notable  quantity  of  heat. 

AVe  are  the  more  struck  by  this  contrast,  because  hail  is 
frequently  preceded  by  great  heat.  At  a  mean,  the  tempe- 
rature observed  during  hail-storms  at  Greneva,  Munich^  and 
Padua,  during  the  space  of  six  years,  was  higher  than  20^ 
at  about  two  p.m.  Once  it  even  rose  to  30^.  A  short  time 
afterwards  the  hail  fell.  Whence,  it  may  be  asked,  does 
this  very  low  temperature  originate,  so  as  to  produce  such 
large  masses  of  ice ;  for  a  rigorous  calculation  apparently 
shews  that  the  cold  of  the  higher  regions  cannot  be  very 
intense  ?  We  must  in  fact  ascend  about  195  metres,  in  order 
that  the  tem])erature  may  fall  1^;  and,  consequently,  if  the 
heat  is  only  20°  in  the  plain,  it  is  not  until  the  height  of 
3900  metres  that  a  freezing  temperature  will  be  found« 
Now,  storm-clouds  being  frequently  much  lower,  we  do  not 
comprehend  how  hailstones  can  be  formed  at  this  elevation. 
But,  if  we  had  studied  more  carefully  the  decrease  of  tem- 
perature during  the  time  of  hail,  we  should  find  that  this 
nigh  temperature  is  limited  to  the  lower  zones  of  the  atmo- 
spnere,  whilst  those  above  are  much  colder.  Out  of  six 
nail-stonns  that  occurred  at  Padua  during  the  summer 
months,  the  mean  temperature  on  St.  Gothard,  at  two  p.m. 
was  only  3^,5,  that  is,  several  degrees  below  the  mean  of  the 
month.  Several  times  during  the  afternoon  the  thermo- 
meter fell  below  zero,  and,  in  the  evening,  it  frequently  fell 
5°  below  the  freezing  point.  It  never  rose  above  9^.  K 
we  inquire  how  high  we  ought  to  ascend  in  order  to  have  a 
fall  of  I  ^  in  the  temperature,  we  find  for  the  afternoon : — 

Greneva  and  St.  Gothard     ....    114'",4 

Padua  and  St.  Gothard 114,4 

Munich  and  St.  Gothard     .    .    .    .    1 1 1  ,2 


Mean 113«,3 

s 
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Sometimes  tbe  decrease  of  temperature  is  still  more 
rapid  ;  thus,  on  June  27,  1790,  tlie  tficrmomcter  at  Munich 
was  at  26°,o :  oa  St.  Gothnrd,  it  nood  at  i',l ;  and  tbo 
decrease  of  it^ntperature  wm  1°  for  73  metres.  Oa  tie 
hottest  day  of  hail  at  Padua,  the  Icmpwaiare  was  29°,4 ;  oa 
St.  Gothard,  5%8,  which  gives  a  decrease  of  1°  for  87"," 
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gth.  In  order  to  explain 
region  of  eternal  snow% 
idmiis  that  it  is  due  i  lit, 
IT  rap  litriking  the  upper 
ess  of  the  air  ulraf  c,  awl 
re  repeatedly  established; 
0.  .  cs  01  vapour  to  paa  inUl  J 
r  rc])^  sadi  Other ;  3d,  snd  tbea  ] 
ic  clouds,  which,  he  says,  faroun 
evaporation.  The  dryness  of  the  air  above  the  cloud*  is  on 
eMential  condition  to  the  formatiuii  ctf  hnil ;  but  for  this  the 
elastic  vapour  condenses  as  faat  as  it  is  formed,  and,  diMn- 
gaging  a  quantity  of  latent  heat,  the  cooling  is  not  so  in- 
tense. Volta,  moreover,  admits  the  condition  that  the  nm 
strikes  the  upper  surface  of  the  cloud,  and  this  way  ex- 
plains why  hail  almost  always  falls  during  the  day.  Under 
these  influences  flakes  of  snow  are  formed,  which  are  as  it 
were  the  embryo  of  hailstones.  In  order  to  explain  their 
increase,  he  admits  the  necessary  eicistence  of  two  super- 
posed clouds;  the  upper  cloud  is  formed  by  the  condenw- 
tion  of  the  vapours  proceeding  from  the  lower  stntutil. 
The  two  strata  are  charged  with  the  opposite  electricities; 
the  higher  becomes  positive,  and  the  lower,  whose  partielci 
are  undergoing  evaporation,  becomes  negative.  To  explain 
the  formation  of  hailstones,  Voita  relies  on  the  well-known 
experiment  of  the  dancing  fibres.  We  know,  indeed,  that 
if  a  copper  plate  is  flxed  nonzontall^  to  tbe  conductor  of  an 
electrical  machine,  and  at  some  distance  another  plate  ii 
placed  in  connexion  with  the  earth,  light  bodies  between 
the  two  plates,  being  alternately  attracted  and  repellet^ 
dart  continually  from  one  plate  to  tbe  other.  According  to 
voita,  the  same  thing  happens  between  the  storm-doads. 
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The  snow-flakes  of  tin;  lovxr  stratum  of  cloud?  arc  in  the 
yanic  tlectrical  coiulition  witli  it:  tlicv  arc,  therefore,  re[)elle(l, 
and  attracted  by  the  upper  ^t^atlllll.  As  s(M)n  as  tliey  touch 
it,  they  partake  of  its  electricity,  arc  repelled,  and  fall  to 
the  lower  clond  into  which  they  penetrate ;  they  are  again 
xcpelled,  and  so  on.  These  attractions  and  repulsions  may 
lut  for  several  hours ;  during  which  time  the  grains  unite 
in  masses,  and  condense  around  them  the  surrounding  va« 
pours,  which  they  convert  into  ice.  They  strike  against 
each  other ;  and  hence  originates  that  noise,  which  accord- 
ing  to  the  account  of  some  obser\'crs,  precedes  storm-clouds. 
Wnen  the  hailstones  have  attained  a  certain  size,  the  lower 
doud  can  no  longer  retain  them  and  resist  the  action  of 
gravity ;  they  traverse  the  stratum,  and  fall  to  the  earth. 

Notwithstanding  the  favour  with  which  this  theory 
-was  adopted,  it  met  with  several  who  doubted  its  truth. 
PrvciMi,  in  particular,  remarked  how  improbable  it  was 
that  evaporation  alone  could  produce  so  great  a  degree  of 
oold  in  full  sunshine ;  then  a^uin,  how  could  it  he  credited 
that  the  hailstones  which  fell  from  the  upper  cloud  could 
he  retained  by  the  lower,  and  not  pass  through  it,  by  virtue 
of  the  velocity  they  had  acquired  t  If  it  is  unlikely  that  the 
formation  of  hail  is  due  to  electricity,  we  can  comprehend 
the  inutili^  of  paragr^lex^  which  are  tall  posts  erected  for 
drawing  off  the  electricity  of  the  atmosphere,  and  opposing 
the  formation  of  hailstones.  Are  not  forests  a  collection  of 
hying paragrdlea  ;*  and  yet  they  are  not  spared  by  hail  ? 

FORMATION  OF  SLEET. — This  is  more  easily  ex- 
plained, because  it  is  more  commonly  observed  in  the  cold 
aeason.  At  a  small  height  in  the  atmosphere  the  tempera- 
tare  must  be  below  zero.  Sleet  alwavs  falls  during  gales, 
and  when  the  weather  is  variable,  l^ven  when  the  air  is 
quiet  on  the  surface  of  the  earth,  we  see  that  the  clouds 
move  rapidly,  and  that  there  is  >^ind  in  the  higher  regions 
of  the  atmosphere.  I  consider  tliese  gusts  as  a  necessary 
ccmdition  for  the  formation  of  sleet.  On  the  Alps,  I  have 
seen  that  snow  is  transfonned  into  small  spherical  bodies  or 
pyramids,  when  the  wind  blows  in  squalls.  At  the  moment 
when  the  latter  cease,  the  snow  falls  in  flakes ;  the  observa- 
tions I  have  made  in  the  plains  of  Germany  seem  to  con- 
firm those  of  the  mountams.  We  might  think  that  this 
formation  of  particles  of  sleet  is  due  to  the  particles  being 
rolled  in  space,  and  increasing  like  a  snow-ball  by  the  addi- 
tion of  fresh  flakes  of  snow.    I  would  rather  compare  it  to 

»  ^«te  Note /,  Appendix,  No.  II. 
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the  crj.stalJisation  of  sails;  for  their  form  more  frequently 
approachca  that  of  a jiyramid  with  three  faces.  In  like  man- 
aer,  as  dijfercnccs  of  temperature  during  cryiitalUaation  de- 
tenninc  the  appearance  of  different  forms,  so  also  the  crys- 
tallisation ia  the  present  case,  which  occn»  in  a  plane  in 
quiet  vcuther,  follows  the  radii  of  a  sphere  dnriiig  asitaiion 
of  the  air ;  and  bence  arise  spheres  or  pyramids.  STinerals 
with  a  niBmella''-'  -"••i-—.  -i"  present  in  their  interior 
radii  starting  fn 

OBioiN  o:  e  h)-polhcRe«  which  have 

been  made  on  are  defective,  in  suppos- 

mg  tbc  clouds  .  ly  formed ;  now,  at  ihii 

period  of  the  ph*  her  clouds  are  completely 

concealed  by  thi  lowing  explanatioa  is,  no 

doubt,   liable  t  ex,  yet   it  accounts  for  a 

Kieai^r  portion  ices  of  the  phenomenon; 

but,  in  order  ti  mght  to  be  in  po^sesuoD 

cfa  long  series 

As  VolUi  w.  ;r\'e,  the  ciiatcnce  of  two 

strata  of  clouds  i.  ,.,..  ,.  dispensable  to  the  forma- 
tion of  hail.  I  h>.E  ouiic  .i.->-i..-  1  this :  and  we  frequent)? 
•ee  tbe^e  clouds  travel  in  two  in-  three  directions,  an  c\i- 
dent  proof  that  they  are  not  in  the  same  atmospheric  zone. 
But,  while  Voita  attributed  the  formation  of  the  upper 
cloud  to  that  which  is  placed  below,  I  think  I  am  right  in 
concluding,  from  all  my  obsen'ations,  that  it  is  the  upper 
cloud  which  is  first  formed,  and  which  plays  the  most  im- 
portant part, 

From  the  morning  of  the  days  of  bail,  the  sky  presents 
a  peculiar  appearance.  The  blue  is  not  clear  or  deep  as  on 
a  perfectly  nne  day,  and  cirrui  is  observed  in  the  form  of 
very  fine  filaments.  Sometimes  the  cirri  are  even  much 
more  developed ;  Kreat  white  masses  are  dispersed  hither  and 
thither,  and  their  noundaries  arc  lost  in  the  blue  of  the  sky. 
Coronie  and  parhelia  arc  often  seen, —  pfaenomena,  whiiJi 
are  due,  aa  we  shall  presently  see,  to  the  refraction  of 
luminous  rays  by  frozen  particles.  These  appearances  pre- 
cede  showers  of  hail  in  places  where  the  observer  is,  and  at 
points  at  greater  or  less  distances. 

The  same  atmospheric  state  prevails  over  a  great  space ; 
and,  as  the  barometer  falls  slowly,  we  are  right  in  conclud- 
ing that  the  south  wind  prevails  above.  However,  this 
wind  is  not  felt  on  the  surface  of  the  ground,  when  the  air 
is  perfectly  calm ;  or,  if  there  are  some  currents,  they  are 
altogether  local,  for,  at  small  distances  from  each  other,  the 
vanes  take  opposite  directions.      Under  the  influence  of 
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these  circumstances,  the  earth,  and  then  the  strata  of  air  in 
contact  with  it,  heoome  hiehly  heated.  But  this  tempera- 
ture rapidly  decreases  with  tlie  height,  hecause  the  strata 
of  air  do  not  mix ;  and,  even  though  a  hurning  beat  should 
be  raging  below,  at  2500  or  3000  metres,  the  thermometer 
Is  below  zero.  A  very  energetic  ascending  current  is,  there- 
Hire,  produced ;  and,  even  though  the  air  should  not  be 
Ter^  moist,  yet  the  higher  strata  of  the  atmo^here  are 
jBpidly  saturated.  Clouds  are  formed ;  and,  at  nrst  sight, 
it  would  seem  that  they  are  cirri  condensing,  because  the 
•aoending  current  elevates  them  still  higher. 

K  we  reflect  that  cirri  float  at  a  height  of  6000  metres, 
and  more  (for  I  have  never  seen  them  below  the  high  sum- 
mits of  the  Alps),  we  can  understand  that  the  region  in 
trhich  these  flakes  of  snow  arc  suspended  is  at  a  tempera- 
ture yery  much  below  zero.  The  heating  of  the  ground 
being  very  unequal,  the  ascending  currents  have  also  a 
force  and  extent  differing  very  much ;  hence  the  horizontal 
winds  in  the  higher  regions  of  the  atmosphere. 

The  ascending  currents  acquire  their  greatest  degree  of 
Telocity  at  the  moment  of  greatest  diurnal  heat ;  and  the 
ropture  of  the  atmospheric  equilibrium  easily  determines 
the  formation  of  storms.  In  proportion  as  the  higher  stra- 
tum of  cimu  becomes  denser,  cumuli  are  also  formed,  which 
iniarease  with  extraordinary  rapidity.  We  then  recognise 
that  the  wind  presents  opposite  directions — a  result  of  the 
unequal  distribution  of  the  clouds  in  the  sky,  and  of  the 
fall  of  temperature  accompan3nng  their  presence.  These 
douds  are  sometimes  dissipated  and  resolved  into  rain  or 
haU ;  but  the  most  trifling  circumstance  may  prevent  their 
resolution.  They  frequently  increase,  when  strata  of  cold 
air  are  descending  toward  the  earth,  and  determining  preci- 
pitations of  aqueous  vapours,  and  a  very  notable  dcvelope- 
ment  of  electricity. 

These  precipitations  are  much  more  evident  when  north 
winds  at  a  low  temperature  contend  with  those  from  the 
south.  A  circumstance  which  proves  that  this  is  frequently 
the  case  is,  that  it  is  not  an  uncommon  thing  to  see  the 
barometer  rise  after  a  fall  of  hail.  On  the  line,  where  the 
winds  meet,  the  condensation  of  vapours  is  brought  about 
with  ^reat  energy ;  superposed  strata  of  clouds  are  formed, 
of  which  the  lower  are  frequently  very  dark.  These  clouds 
are  not  very  high,  and  resemble  sacks  or  bunches  of  grapes, 
which  seem  every  moment  about  to  fall ;  we  often  recog- 
nise gyratory  motions.  Sometimes  they  have  a  clearer  tint 
than  the  higher  strata,  and  they  generally  move  in  an  oppo- 
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eite  direction.  Should  the  Tioknoe  of  the  higher  or  the 
lower  wind  saddcnly  increase,  wfairiwindc  are  propnted 
from  below  upwards  in  the  cloudy  man,  the  voliuBe  «  the 
flakes  of  snow  floating  in  the  atmosphere  increases  iwidly, 
they  acquire  the  form  of  particles  of  sleet,  and  are  iiixia 
horizontally  b^  the  wind,  until  they  reach  the  groond. 
Enough  electncity  is  then  liberated  to  prodnoe  a  clap  of 
thunder ;  but  almost  all  the  sleet  reaches  the  ground  before 
this  is  heard.  Fresh  fl;u8ts  favour  the  formation  of  large 
hailstones ;  so  that  the  nail  does  not  fiill  for  any  leutk  (tf 
time :  frequently,  for  a  few  seconds  only.  This  new  shower 
of  hail  is  preceided  by  a  flash  of  lisfatning.  At  the  same 
time,  the  fury  of  the  gusts  graduallv  diminiahea.  and,  at 
last,  the  hailstones  fidl  almost  vertically. 

We  have  shewn  how  the  flakes  oiT  snow,  of  which  the 
drri  are  formed,  may  be  converted  into  hailstones.  The 
form  even  of  haUstones,  their  fall  on  low  eountries,  or  oa 
elevated  places,  depends  on  the  constitutioa  of  the  rest  of 
the  atmosphere.  If  the  hailstones  are  small,  if  the  tempera- 
ture of  the  higher  regions  of  the  atmosphere  is  still  saffi- 
ciently  elevated,  it  may  then  happen  that  the  haikcoocs 
melt  during  their  fall.  Sometimes  the  drops  of  rain  that 
are  the  result  condense  on  their  surfaces  a  great  quanfltr  of 
the  vapour  of  water :  hence  those  laree  rain-dropi«  that 
frequently  precede  storms,  and  which  fall  in  small  shoven 
like  hail.  At  the  same  time,  the  mountains  are  covered 
with  snow  or  sleet  Thus,  on  tlie  Kigi  I  have  frequently 
Been  snow  or  sleet  fall,  whilst  it  was  raining  in  the  plain ; 
this  is  a  very  common  pbcnooienon,  if  I  niay  credit  the 
assertions  of  the  host  and  of  the  guides. 

If  the  temperature  is  \ery  low  in  the  high  rcprions  of  the 
air,  then  hail  falls  in  the  plain  in  a  solid  state.  If  the  hail- 
stones nre  driven  horizontally,  a  fresh  quantitv  of  wateris 
incessantly  precipitated  at  their  surtace.  and  tlieir  volume 
continually  increases.  Their  internal  structure  depends  on 
the  state  of  the  air  through  which  they  pass.  A  ])yTifonn 
or  pyramidal  body  moves  either  horizontally  or  veilically : 
but  the  larger  end  is  ahvavs  downward  or  in  advance  :  on 
this  surface  the  vapour  of^  water  \iill  condense,  unless  the 
bail  is  driven  into  whii'ls.  and  turns  mpidly  upcm  itself. 
If  the  air  that  is  traversed  by  the  hail  is  fre«^  from  doudc 
or  if  the  latter  are  not  ver>-  thick,  the  vapours  are  con- 
densed at  the  surface  of  the  IiaiK  as  occurs  vnih  white  frost : 
in  this  case,  the  entire  mass  resembles  hardened  snow :  but 
if  it  traverses  xcty  dense  clouds,  where  the  vesicles  of  water 
are  intermixed  with  droi>s  of  rain,  transparent  ice  is  then 
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fbmaedi  id  the  interior  of  which  we  find  a  particle  of  sleet. 
It  18  the  same  mode  of  formation  as  that  of  the  drops  of  frozen 
irater  that  fall  during  winter,  when  a  thaw  suddenly  succeeds 
a  hard  frost.  If  a  hailstone  of  this  kind  traverses  several 
■trata  of  clouds,  separated  by  spaces  not  filled  with  the 
Tai>our  of  water,  and  if  the  clouds  are  not  charged  i^ith 
drops  of  rain,  then  concentric  layers  are  formed,  alternately 
eomposed  of  snow  and  ice,  as  we  have  very  frequently 
observed. 

The  rapid  decrease  of  temperature  is,  therefore,  the 
principal  condition  for  the  formation  of  hail ;  and  it  follows 
nrom  this  that,  in  the  fine  season,  and  during  the  hottest 
days,  it  must  specially  be  formed,  because  then  the  ascend- 
luff  current  is  very  energetic.  However,  hail  may  fall  in 
other  seasons ;  for,  if  south  winds  prevail  with  a  certain 
oomtinuance,  the  cirri  increase  in  the  evening  or  during  the 
2iu;ht;  if  north  vrinds  then  begin  to  blow  violently,  hail 
vml  fkll  during  the  night,  a  rare  circumstance,  because  there 
18  no  ascending  current.  This  explains  to  us  why  hail  is 
leap  common  l^tween  the  tropics  than  in  mean  latitudes ; 
si  is  because,  in  the  vicinity  of  the  equator,  the  decrease  of 
temperature  with  height  is  not  so  ra^d. 

The  conflict  of  opposite  winds  also  explains  certain  pecu- 
liarities of  storms,  accompanied  by  hail.  Every  thing  that 
tends  to  put  the  air  in  motion  favours  the  formation  of 
bul.  This  is  why  it  is  more  common  in  the  mountains, 
where  the  rapidity  of  the  atmospheric  current  increases  in 
the  valleys.  K  the  march  of  storms  were  known  by  obser- 
Tations  embracing  a  series  of  several  vears,  b;^  comparing 
local  peculiarities,  we  might  discover  why  certain  countries 
are  frequently  ravaged  by  hail,  whilst  others  are  almost 
entirely  spared.  Narrow  valleys,  surrounded  by  high  moun- 
tains, as  tne  Vallais  and  the  vale  of  Aoste,  are  rardy  visited 
by  hail :  these  valleys  are  so  warm,  that  the  hailstones  melt 
before  reaching  the  ground.  Moreover,  the  high  moun- 
tains that  han^  over  them  prevent  the  conflict  ci  opposite 
winds,  or  limit  it  to  the  high  regions  of  the  atmosphere, 
which  prevents  the  hailstones  acquiring  any  considerable 
volume.  But,  at  the  mouth  of  valleys,  in  the  plain,  storms, 
accompanied  with  hail,  are  the  more  violent  (principally  on 
the  south  side  of  the  Alps),  as  the  south  winds  are  arrested 
by  the  mountains,  while  the  north  winds,  when  they  have 
traversed  them,  rush  impetuously  to  the  plain. 

It  remains  fur  us  to  explain  why  the  mfgority  of  hail- 
stones extend  over  a  very  long  and  narrow  space,  as  the 
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a 
storm  of  13lh  July,  178S,  which  traversed  watern  France 
to  Holland.  Obaervations  are  wanUng  for  the  solution  of 
this  problem,  However,  on  consuUiug  the  EpASmSrides  de 
Mannheim,  we  almost  arrive  at  the  concluaioa  thai  there 
vas  a  conflict  betwet?n  north  and  south  windi.  Even  fk>m 
11th  July  the  baraiiictt.-r  fell,  and  the  more  so,  as  it  was 
nesrer  to  Frsnce,  In  naTario,  thg  fall  from  the  Uth  to 
the  I2th  -H-a^  at  a  mean,  only  (y^i  ;  at  linissels,  Sliddlc- 
hui^.  La  Itocl  n  the  12th  to  I3th,  the 

barometer  ftll  iiit  at  La  Rocliellc  it  had 

liseD  even  2'""  Brussels  and  Middlebarg 

2"",2.     From  tlic  barometer  rose  every 

where  in  liav  ' ;  in  Holland,  3""",3.     It 

is,  therefore,  p  nth  wind  was  driven  back 

by  the  north  lut  the  vchole  line  where 

the  conffict  oe,  brisk  and  violent  gusts, 

which  precipitf-  d  rooted  up  large  trees. 

This  aasDciatio  rarelj^  evideaeed  along  a 

greater  extent;  nunscribed  vrithin  narrow 

umits  J  but  the  irmed  at  the  point  where 

the  two  opposite  oiiuui  Mii-.^i,  .ike  as,  during  one  year, 
the  rain  chiefly  falls  from  clouu  i  Leaped  up  by  the  north 
wind,  and,  in  another  year,  from  those  brought  by  the 
MUth  wind,  so  the  cond"i[io7i3  for  the  formation  ofliail  do 
not  occur  every  ^ear ;  hence  the  frequency  of  hail  dniing 
certdc  years,  and  its  rari^  during  others. 

IVATEK-BPOUTS.— Whirlwinds,  manifested  at  the  i^ 
proach  of  storma,  have  often  great  violence;  th^  aie 
described  under  the  names  of  water-Bpouta  (tromhrt)  taw 
terluuen,  tandhoitn,  timdwirbel.  Germ.  These  whirls  po«se« 
great  analogy  with  thoK  observed  when  two  currents  of 
water  run  beside  each  other  with  different  velocity.  Dur- 
ing a  feeble  wind,  we  often  obsen-e  small  whirls  near  ■ 
house  or  other  isolated  object.  The  air  being  stiU  at  one 
spot,  and  agitated  at  a  little  distance,  the  ^Nutieles  at  the 
hmits  are  acted  on  by  different  forces.  Imagme  a  horiiontal 
line,  perpendicular  to  the  plane  of  separation;  among  the 
particles  situated  on  this  line,  there  are  some  whii£  are 
altogether  motionless,  whilst  others  are  drawn  along  by  the 
wind  with  a  certain  rapidity.  However,  there  are  certain 
transitions  between  the  lost  motionless  molecule  and  that 
which  is  drawn  alon^  with  the  same  velocity  as  the  wind : 
nence  the  whirls,  which  are  partly  drawn  along  by  the  pre- 
dominant wind.  We  recognise  the  whirls,  because  Uiey 
raise  light  bodies,  such  as  dust,  leaves,  straw,  aevetml  metres 
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in  height  Wster-spouts  are  analogous  phenomena  on  a 
onieh  larger  icale.  The  whirlwind  not  only  exists  in  the 
ckmd,  but  even  in  the  water,  which  rises  and  joins  the 
doud  that  descends  to  meet  it 

Water-spouts  are  not  equally  common  in  all  parts  of  the 
oeean.  In  the  middle  of  the  equatorial  sea  we  only  find 
them  when  the  trade- winds  do  not  blow  in  a  regular  man- 
ner ;  they  are  only  manifested  in  the  region  of  camis.  They 
«re  commonly  met  with  near  the  coasts,  or  in  straits,  and 
they  are  more  firequently  formed  at  the  time  when  the 
monsoons  change :  something  analogous  occurs  in  the  high 
latHndes,  where  they  frequently  coincide  with  storms.   . 

Prom  the  &cts  collected  by  myself  and  others,  water- 
spouts almost  always  occur  when  two  opposite  winds  pass 
nde  by  nde,  or  wnen  a  very  brisk  wind  prevails  in  the 
locker  legions  of  the  atmosphere,  while  it  is  calm  below :  I 
saw  a  remarkable  example  on  the  Rigi  in  1 832.  Beine  on 
the  summit  of  the  mountain,  I  examined  masses  of  fog 
which  were  proceeding  towards  each  other  in  the  valley  of 
Goldan,  whilst  around  me  the  air  was  calm  and  the  sky 
serene.  At  the  end  of  a  few  moments  the  masses  unitea, 
and  I  observed  a  gyratory  movement  in  the  midst  of  them ; 
the  foff  extended  with  inconceivable  rapidity,  and  violent 
gusts  cuew  from  it  rain  and  hail.  In  the  meantime  the  tem- 
perature had  fallen,  so  that  the  water  between  the  teeth  of 
the  wheels  of  my  \(roitmann's  anemometer  was  congealed. 
A  physician  of  Dantzig,  who  arrived  in  the  evening,  told 
me,  that  on  the  lake  of  Quatre-Cantons  he  had  experienced 
a  violent  storm,  during  which  the  clouds  had  been  driven 
in  difiTeient  directions ;  at  the  same  time  he  saw  a  water- 
spout. 

If  the  currents  that  meet  in  the  high  regions  of  the  at- 
mosphere are  violent,  if  their  temperature  and  the  quantity 
of  vapour  of  water  with  which  they  are  charged  are  very 
different,  then  the  vapour  is  rapidly  condensed.  In  pro- 
portion as  the  whirlwind  increases,  it  descends,  and  the 
oiameter  of  the  column  decreases ;  we  cannot  decide  whether 
the  vesicles  of  water  are  drawn  from  above  downwards,  or 
whether  the  condensation  occurs  in  the  opposite  direction, 
finally,  the  whirlwind  reaches  the  surface  of  the  earth,  the 
latter  is  agitated,  and  rises  resembling  a  boiling  caldron. 
While  the  sea  rises  the  cloud  descends,  and  finally  they  both 
unite ;  it  also  sometimes  happens,  that  the  sea  rises  in  the 
form  of  a  cone,  while  an  inverted  cone  descends  from  Uie 
cloud  without  their  both  uniting.  In  the  majority  of  cases* 
the  column  is  thinner  in  the  middle  than  it  is  above  or 

s2 


below;  under  other  cii«iiiDitaiitti,lheiiii1 

fpout  It  evideaeed  on  the 

of  the  walen,  end  it  it  not  tfll  sftcr  «■«  line  tibn  ^ 

Ttpouri  flrmn  above  eondente  in  flMir  taiB. 

A  fiwi,  which  proret  that  iSkm  waler-ipoat  it  inagnit 
measuxe  ibcmed  of  eondcnted  ▼apoBn»  i£  that  tte  vatar 
etcuping  ln»i  it  it  noYer  talt,  not  ciffa  in  laa  onan  atk 

frthe  air  it  TCiy  dry,  then  theta  wliiiiwinua  da  net  alp 
wayt  detenniiietheoondentationof  moQiB^andtha  vifllcMe 
of  the  wind  it  the  only  thing  nmaikaUe.  Tln%  two  of 
my  fiiendt  were  one  doiidv  day  gqbug  Dron  Halfe  ta  Gidap 
chepttein;  on  a  todden  thcywcn  amnfted  bj  a  Ml  of 
wind,  and  one  wat  driven  aganut  a  wall  and  the  other  thrown 
Into  afield,  while  the  people  who  were  near  had  not  peieawi 
tile  leaat  ditturbanee  m  tne  atoMtpliere. 

Almoat  all  obteryert  tay,  that  the  water-apont  norai 
alowly  onwud,  turning  on  itt  azit;  if  theeomni  xiiB^tt 
we  tee  in  the  whirlwinds  of  tend,  it  nay  draw  np  cnonaaai 
mttirt  liToniardatetithataahephetaneartheJeveraBw, 
near  Beptolt,  a  plaoe  situated  thne  nmianietrea  Dran  the 
tea,  a  water-spout  pass  before  him,  and  instantly  dr^  np  a 
pond  and  throw  the  fishes  in  all  directions.    All  diBsemitians 

J>rove  that  in  these  cases  the  wind  poasesset  extrtonfinaiy 
brce.  Thus,  Dr.  Mercer  obeenred  two  or  three  water^fponts 
in  the  port  of  St.  Jean  of  Antigua  on  the  turfiue  of  the  tea; 
he  saw  a  circle  of  about  sixty  metres  in  diameter,  withiB 
which  the  urater  was  agitated  and  darted  towards  the  tkj. 
A  small  wooden  house  was  carried  away  entire,  and  trtaa- 
ported  to  the  distance  of  thirteen  metres  without  being 
overturned  or  destroyed.  It  is  remarkable*  that  the  house 
was  carried  from  east  to  west,  although  the  water-apoot 
travelled  from  west  to  east.  I  borrow  from  the  public  news- 
papers another  example  of  the  same  kind :— Oct.  S5,  1890^ 
a  large  quantity  of  linen  had  just  been  spread  out  in  a 
meadow  m  Silesia ;  the  workmen  were  at  dmner,  when  the 
tempest  annonnced  itself  a  few  minutes  after  noon,  nd 
raised  such  thick  clouds  of  dust  that  the  day  was  converted 
into  thick  darkness.  The  doors  and  blinds  of  the  bleaching 
establishment  were  torn  down  with  a  terrible  crash,  the 
doors  were  carried  off  their  hinges,  and  the  wind  overturned 
a  heavy  cart,  so  that  the  wheels  were  placed  upwards.  The 
linen  was  seixed  upon,  and  rolled  up,  and  the  largest  mass  wn 
carried  fifteen  metres  above  the  house,  and  deposited  at  IM 
paces  distant  in  a  ditch  in  the  midst  of  some  bushes.  Thcjr 
nad  to  work  for  several  hours  in  order  to  disentangle  tins 
imniente  skein ;  it  coniitted  of  twenty-teven  pieoet,  aadi  of 
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whicfa  weighed  elci'Cii  kilogrammes ;  and  id  the  middle  ma 
fouml  n  post  two  metres  long,  tliirty  centimetres  wide,  and 
■ijc  thick,  which  was  U9cd  as  a  bridKC  for  crasiiinff  a  ditch  at 
a  little  distance.  The  water-spout  nad  carried  it  avr&y  with 
the  linen,  which  it  had  rolled  roiiiKl  and  carried  over  the 
houM!,  nlthoiigh  its  weight,  without  calculating  that  of  the 
plank,  WBR  abont  207  kUogrammCfl,* 

When  we  call  to  mind  the  force  with  which  small  H-atcr- 
ipoala  raiac  water,  we  are  not  nstoiiifihcd  that  a  great  one 
can  produce  such  effects.  Some  authora  have  attributed 
these  effects  to  elcctricitj- ;  butit'wc  merely  rest  on  thv  fuct, 
that  this  fluid  determines  such  eflects  as  these  on  the  surface 
of  water,  we  should  not  forget  that  purely  niechanical  forces 
could  produce  it  as  well.  Other  philosophers  have  thought 
that  a  jiartial  vacuun)  was  formed,  in  which  the  water  rise* 
u  in  the  body  of  a  punip ;  hut,  to  suppuac  the  existence  of 
tilts  vacnuni,  the  water  would  oidy  rise  to  the  huiglit  of 
ten  metres,  and  the  helical  motion  would  not  exist.  It  has 
also  been  said,  that  gases  suddenly  eiicaiw  fmni  the  earth 
vherc  the  water-siKiut  is  formed,  and  raise  the  water ;  such 
BU  hypothesis  as  this  re<piireit  no  refutation.! 

*  Tlia  wu*r.>)>iiiit  Hut  dmiUtf-I  tiM  tU]ii«c  of  Ohiilau]',  nur  Purir. 
Jan*  ixth,  IHXi,  brake,  nw  tktir  kiv.  vIni-tHni  l-^'iO  in  iimunhnwv. 
H.  L.  Lauhhc  dtil  ourinnr,  Tbo  •Inir  iii.  Ihi-  |>1aiiafllie  hIkv  mflcr  the 


■■  7>ii«rfN7>iHi»n.  whlphM.rELTIIIiniliBih*(llnl>in,VTnu<t 
■a  Hcamt  or  13T  wuer-i|>iH».  In  ihii  nnnibar  nr  iniiln  tlilrij'-tlitTc  thu 
taItU*  In  llw  mhW  or  calm,  linM/-llf  e  wkich  liarl  m  migntiiij  iiumiiKiit, 


vdtv  In  a  pmnuptlnB  Inlknioroftli 
■  nlMion  !■  UwlwUntloB  «r  MM  m 


nuUipleji,  ttaHt  lis  iIh^t^  w«n  Mtcnl  branclH"<  frnm  the  itatu  truiik ;  tlirvu 
wn  briiwd  wUhtn  Ike  eloiuU.  Ik. 

Id  adiUtiiio  la  llit^  «*  ttiHl  flftf-lwn  nlitlom  of  Murniir  pbriiDinFDS 
which  prndiMol  altCcta  iiulugiiiu  to  IhuK  uF  wntii^fv""*^ '  Hii>ll,v.  Ihi< 

'—■ ■ ulni  thr  ddnlli  iffwperliiH'iitii  hy  whiph  the  'lllTl'iml  iHuinof 

. ... -'-lerlrlcily.  Thc-foiii  ofthi.r»rl..l«. 

IH  the  ■nlcle  1>;  M,  tlti^itDT.  lii 


i1<h  Id  the  th 


Htthzkto  we  inly  atu     A  the  hvling  power  0 

the  sun;  ne  liavc  m.^..  ^tiat  the  diurnal  snd  annual  ra.nM 
of  temperature  dejiends  on  the  revolution  of  tlie  eartn 
•round  this  liody.  Tho  unequal  heating  of  the  diflcrent 
regions  of  the  mnh  has  Ji-itla=u(l  to  u^  the  origin  of  winds, 
the  changes  in  the  aapect  of  the  tky,  and  the  iGfferencea  in 
the  pressure  of  the  atmosphere,  changes  which  are  intc^ 
woven  with  a  rupture  of  equilibrium  in  atmospheric  elc^ 
tricity.  We  are  now  about  to  examine  the  phenomena  to 
which  the  sun  gives  nse,  when  regarded  as  a  luminous  body, 
after  having  prefaced  them  by  a  few  general  obaervationfl 
upon  light. 

MATQEE  OF  iiiQBT. — Light  and  heat  are  eo  iuti- 
matelv  connected  with  solar  rays,  that  it  is  difficult  to  sepa- 
rate these  two  manifestations ;  we  shall  not  enter  deeply  into 
this  subject,  which  belongs  to  the  domain  of  experimental 
philosopoy ;  nor  shall  wc  seek  to  penetrate  farther  into  the 
intimate  nature  of  light.  Two  hypotheses  have  been  put 
forth.  In  (he  first,  light  is  composed  of  material  mole- 
cules sent  forth  by  the  luminous  body ;  by  acting  on  the 
retina,  they  enable  us  to  see  the  bo^  tioai  which  thev 
emanate.  In  the  other  supposition,  which  appeaia  mucn 
more  probable,  the  luminous  impressions  are  due  to  the 
undulations  of  a  very  subtle  fluid  spread  throogbout  the 
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universe  and  in  the  interior  of  all  bodies,  a  flud  known 
by  the  name  of  ether.  There  exists,  therefore,  in  luminous 
bodies  a  force  which  puts  the  ether  in  motion,  as  the  string 
of  a  violin,  when  put  in  motion,  makes  the  air  vibrate,  and 
produces  a  sound.  The  unduhitions  of  light  are  transmitted 
through  the  ether,  as  those  of  sound  are  through  air ;  and 
they  excite  in  the  eye  a  sensation  analogous  to  that  produced 
by  the  others  on  the  ear.  In  passing  from  vacuum  into  the 
air,  these  undulations  undergo  the  several  modifications  that 
we  are  about  to  study. 

REFIaECTXON   AND    RBFRACTXON    OF  laXGHT. — 

The  ether  being  only  a  hypothetical  fluid,  the  properties  of 
which  cannot  be  recognised  by  aid  of  experiment,  we  can 
fiay  nothing  positive  as  to  its  nature  in  the  interior  of  bodies ; 
however,  if  we  conclude  from  analogy  with  that  existing  in 
the  air,  we  may  admit  that  its  density  in  the  interior  of 
bodies  is  greater  than  in  vacuoy  and  that  this  density  is 
different  in  the  different  bodies  in  nature.  Take,  for  ex* 
ample,  pieces  of  glowing  carbon  and  allow  them  to  cool  in 
vacuoy  then  place  them  in  a  small  capsule  swimming  on  a 
surface  of  mercurv,  and  cover  them  with  a  small  bell-glass ; 
in  a  short  time,  the  quantity  of  air  contained  in  this  bell* 
glass  will  diminish,  it  will  be  absorbed  by  the  carbon ;  and, 
as  the  mass  of  air  that  has  disappeared  is  greater  than  that 
of  the  carbon,  we  must  conclude  that  the  air  has  been  con- 
densed within  the  carbon.  This  absorption  of  air  is  so  con- 
siderable, that  fifty  kilogrammes  of  newly  prepared  carbon, 
when  exposed  to  the  air,  will  wei^h,  after  a  certain  time, 
<52,5  kilogrammes.  Almost  all  bodies  exercise  an  analogous 
influence,  but  with  a  different  intensity,  according  to  their 
nature :  it  is  probable  that  the  same  occurs  with  respect  to 
the  ether. 

When  light  passes  from  vacuum  to  a  transparent  body, 
the  undulations  change  with  the  density  of  the  ether ;  their 
nature  remains  the  same,  but  the  amplitude  of  the  oscilla- 
tions is  less,  as  a  wave  diminishing  m  height.  Light  is 
divided  into  two  parts ;  one  is  reflected,  the  other  penetrates 
into  the  interior  of  the  body.  Sound  presents  analogous 
phenomena :  if  sonorous  waves  strike  against  a  wall,  one 
part  of  the  sound  is  propagated  through  the  wall,  and  we 
near  it  behind  the  wall ;  the  other  is  reflected  and  produces 
echo. 

Experiment  proves  that  the  reflection  of  a  ray  is  not 
made  in  the  same  direction  as  that  of  its  incidence.  Indeed^ 
let  it  be  made  to  fall  upon  a  flat  and  perfectly  polished 
surface,  and  suppose  a  perpendicular  to  be  raised  at  the 


ptMtit  of  incidence,  we  ahall  »ee  that  the  reflected  ray  a 
the  iiK»d>?nC  ray  arc  Ixitli  ia  a  plane  porpendicular  to  the 
reflecting  surface,  bnt  the  reflected  rsy  makeo  with  ibe 
nontul  a.n  an;:!) c  equal  totbaluf theineideutray.  Ifthe  body 
on  which  thu  light  falls  is  perfectly  polished,  and  approochM 
as  mncfa  as  possible  to  n  geometric  jitane,  then  the  quantity 
of  light  thus  reflected  is  very  considerable :  and  the  hodjr 
refle^ed  apj>ear»  to  us  in  its  inTfeci  fonii,  b>  b  tbe  csk 
when  wt  look  in*n  «  mirror.  However,  very  few  bodies  are 
thuB   tet-minate  most  malhernatieal ;  ibe 

miyority  have  v  rhich  may  be  regarded  m 

oinnposed  of  a  g  e  planet  diTerKly  iaclincd 

to  each  other.  i,  tlierclbre,  are  disperwd 

in  ftll  direction  ibtaiu  a  dear  image ;  the 

object*  simply  i 

The  second  idont  my  peaetmles  int« 

the  interior  of  nvcwcs  iheni,  if  they  an 

tnnaparent;  bi  fRlls  on  a  body  from  air, 

or  from  vacun  lieuUr  Ut  the  anri'iiee  of 

incidence,  it  is  c  m..  rimitive  direction,  it  then 

OODtinuca  its  con..,  ,i  slnn;;,.  nc.  as  lonK  a'  it  rcninin* 
within  t*i.-  'ir-a'v.  .!-ii-.  It  i-  ri-1',  [.".-iriVvl  iitii- ,—,----  ■  this 
pbenom.  -  .      'i  ..,.!■  ■■  \>        ..]o 

]nade  by  ■  ■n 

the  inclination  of  tlic  incident  ray  on  the  surtace  of  the 
refracting  body,  and  on  the  nature  of  that  body  ;  fiowever, 
there  exists  a  constant  relation  between  the  incident  and  the 
refracted  ray ;  and,  if  this  relation  is  determined  for  ■  nnxle 
incident  ray,  it  is  determined  for  all  the  re»t  It  ia  on  this 
principle  that  lelescopet  arc  conatmcted ;  and  the  deriatitH] 
of  an  object,  when  looked  at  through  a  triangular  prism,  hai 
no  other  means  of  explanation. 

ON  coiiOliKB.  —  However  varied  the  phenomena  of 
colours  may  be,  they  all  depend  on  a  principle  discovered 
by  HairtoB,  namely,  that  the  white  light,  that  comes  to  as 
from  the  sun,  is  composed  of  a  multitude  of  coloured  nya, 
the  refrangibility  of^whieh  is  not  the  same.  If  we  pan  a 
ray  through  a  circular  hole,  and  recdve  it  on  a  glass  prism, 
the  emergent  ray  makes  with  the  incident  ray  *n  auric 
depending  on  the  angle  of  incidence  of  the  ny,  and  on  vtt 
nature  and  form  of  the  prism.  Moreover,  the  drcnlar  ibnii 
and  the  wbitecolouroftne  illuminated  spot  have  disappeared, 
and  we  sec  a  niectrum,  the  length  of  which  is  greater  than 
the  width,  ana  which  is  red  at  one  of  the  extremitiea  and 
violet  at  the  other;  between  these  extremities  are  the  ctdonn 
of  the  rainbow,  which  melt  insenably  into  each  other.    The 
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angle  made  by  the  violet  rays,  as  they  leave  the  prism,  with 
the  incident  ray,  is  always  greater  than  that  of  the  blue 
nys ;  and  this  angle  continues  diminishing  as  we  consider 
the  green,  yellow,  orange,  and  red.  K  one  of  these  coloured 
nys  is  made  to  fall  on  a  second  prism,  there  will  be  no 
luther  decomposition  of  the  light ;  but  the  refrangibility  of 
the  violet  rays  will  always  be  greater,  and  that  of  the  red 
imyM  less  than  all  the  others.  Two  consequences  flow  from 
toeae  facts:  rays  of  different  colour  have  not  the  same 
xefinangibility,  and  the  white  light  of  the  sun  is  composed  of 
coloured  rays,  which  form  white  by  their  union,  but  which 
are  separated  by  the  prism. 

Almost  all  the  rays  that  reach  us  from  terrestrial  objects 
are  coloured:  these  objects  decompose  white  li^ht,  absorb 
flome  colours,  and  reflect  others ;  and  hence  it  is  thiit  the 
objects  themselves  appear  to  us  coloured.  If  we  look 
through  a  glass,  coloured  by  cobalt,  it  will  absorb  in  pre- 
ferenoe  the  red  rays,  those'  of  the  other  extremity  of  the 
spectrum  will  pass  through,  and  the  glass  will  appear  blue ; 
here,  again,  the  prism  serves  to  prove  the  composition  of 
white  colour.  Indeed,  if  we  allow  a  pencil  of  light  to  pass 
through  a  narrow  opening  and  a  piece  of  cobalt  glass,  and 
then  receive  it  on  a  prism,  the  succession  of  colours  will  not 
be  the  same  as  with  white  light ;  but  several  rays  will  be 
wanting  in  the  spectrum,  and  wiU  be  replaced  by  black 
atripes. 

As  the  eye  is  fati^ed,  like  every  other  organ,  when 
the  sensation  lasts  too  long,  and  this  sensation  is  prolonged 
some  time  afler  the  cause  has  ceased,  there  results  a  suc- 
eeiiion  of  colours  that  arc  called  subjective  or  physiological. 
Look  attentively  at  a  green  circle  on  a  white  ground,  then 
doae  the  eyes ;  you  wUl  continue  to  see  a  green  circle  on  a 
white  ground,  because  the  sensation  continues  for  some  time 
on  the  parts  of  the  retina  that  have  received  that  of  the  green 
circle  on  the  white  ^ound ;  but  if,  instead  of  closing  the 
^es,  we  look  at  a  white  surface  moderately  illuminated,  we 
snail  see  a  red  circle  on  a  clear  ground.  Indeed,  the  portion 
of  the  retina,  on  which  the  ima^e  of  the  green  circle  fell,  is 
at  last  fatigued  with  this  sensation,  and  becomes  more  sus- 
ceptible to  the  other  colours  of  the  spectrum ;  now,  if  we 
eliminate  from  the  spectrum  green  and  the  analogous 
colours,  those  which  remain  form  red.  Inversely,  if  we  had 
heen  considering  a  red  circle,  we  should  have  perceived 
jpreen  on  a  white  ground :  hence  it  is  that  we  so  fre(}uently 
imagine  that  we  see  colours  which  do  not  really  exist ;  or^ 
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Bt  leaat,  the  colour  of  one  object  cbanges  that  of  snoiher 
object  ajtuatcd  near  it.  Every  one  is  aiTarc  of  the  benefit 
punten  derive  from  these  contrasts  of  colours. 

Take  a  book,  the  paper  of  wfaicfa  It  very  white,  but  the 
edge  green,  turn  it  over  so  that  the  ^recn  anil  the  nhite  pais 
■Iternalelj  before  the  eyes :  the  white  will  foaa  be  coloured 
red,  and  with  the  more  intensity  as  you  continue  to  turn  it 
over  for  a  longer  time ;  because  the  eye  will  beeome  more 


e  fatigi'"!  hv  ihp 
red  r*ys  will  U 
times  prcgcuted 
the  hoiiion.  k 
whitish  sky,  t 


having  traverse 
l%bt  M  Mill  ver; 


1  And  the  impression  of  the 
'lus  pbciiomcnon  is  some* 
.  "VVhea  the  »un  w  near 
ouds  uv  spread  over  « 
laxe  ^reeu  aHei  a  few 
;,  which  i)  for  the  most 
1  traces  are  found  iJmast 

iSEMT  BODIBB.— After 

»,  such  as  glass  or  water, 
r,  accurate  measurementa 
J.  I'hc  quantitv  depend* 
f  the  bodies.  \Vc  know 
bodicA,  when  ni£> 


ty  of  liaht  to  ptuo,  as,  for  -J 
j-he  tliicKer  a  body  is,  the 


prove  that  a  pai 
on  the  Dature  ai.. 
of  no  body  perfee  _~ 

ficiently  thin,  alio-  «  <«>ibU  ui 
instance,   a  sheet  of  leaf  gold. 

more  molecules  doe;  the  ray  of  light  find  opposing  itt 
PMsage.  Kxiierimeiil  nm!  tbirory  [cad  iis  tea  very  simple 
law,  which  points  out  to  us  the  dependence  of  this  lednctian 
of  light  on  the  thickness  of  the  body.  Suppose  tbe  bodj 
divided  into  a  certain  number  of  slices  of  the  same  thiekncM, 
and  let  us  examine  experimentally  the  quantity  of  lu[ht 
absorbed  by  one  of  these  slices .-  the  loo  in  each  sUce  wilTbe 
equal  to  a  similar  fraction  of  the  inudcnt  niy.  Snppoae 
experiment  to  have  proved  that,  out  of  100  luminoiu  lay^ 
10,  or  0.1  of  the  H-hole  are  absorbed  by  a  plate  of  gla« 
l""  thick,  so  that  only  90  pass  out  of  the  body ;  we  cao 
know  the  ijuantity  absorbed  by  a  plate  4"'  thidc,  by  sup- 
posing it  divided  into  four  slices,  each  1>^  thick.  The  fitat 
plate  absorbs  0,1;  so  that  the  aecond  only  reeeirei 
100  —  10  =  90  rays  ;  a  tenth  of  this  quantity,  namely  9, 
is  then  absorbed ;  the  third  only  receives  90  —  9  =:  81 
rays;  the  tenth  of  this  quantity,  namely  8,1,  it  absorbed 
by  the  third :  the  fourth,  therefore,  only  reoeires  81  — 
8,1  :=  72,9  ra;^-s;  and  as  the  tenth  of  thia  quantity  is 
absorbed  by  this  latter  plate,  only  72,9  —  7,3  =  63,6  nyt 
pass  out  of  the  plate,  and  the  light  is  reduced  in  the  ratio  <^ 
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LOO  to  65,6.  This  calculation  shews,  moreover,  that  the 
nost  transparent  hody  may  so  reduce  the  incident  lisht  that 
it  scarcelv  makes  any  impression  on  the  organ  of  sight. 

The  light  which  does  not  pass  out  from  a  hody  is  in 
part  really  absorbed  by  the  body,  and  raises  its  temperature; 
It  is  also  partly  reflected,  ana  renders  the  body  and  its 
interior  visible  to  the  eye.  According  to  the  nature  of 
bodies,  the  phenomena  may  be  very  varied ;  and  this  partly 
explains  to  us  the  extreme  diversity  of  colours.  Whatever 
material  is  employed,  a  part  of  the  rays  is  always  lost ;  it  is 
less  as  the  material  is  more  transparent,  but  there  is  no 
body  that  acts  on  the  rays  of  white  light  with  equd. 
intensity; — some  rays  are  absorbed  more  than  others,  and 
the  light  is  coloured.  There  are  bodies  that  entirely  absorb 
certain  rays,  whilst  others  pass  through  them,  or  are 
reflected ;  these  bodies  have  the  same  colour  whether  seen 
by  reflection  or  transmission :  glass  coloured  blue  by  cobalt 
is  of  this  class.  Others  reflect  some  rays  and  allow  others 
to  pass ;  they  then  present,  with  reflected,  and  with  trans- 
mitted light,  two  colours,  the  union  of  which  forms  white. 
Thus  certain  milky  glasses  are  blue  when  seen  by  reflection ; 
but,  if  a  white  flame  is  looked  at  through  one  of  toese  glasses, 
it  appears  reddish  or  yellowish.  Other  bodies  entirely 
l^ssorb  certain  rays,  and  reflect  some,  and  allow  others  to 
pass.  Thus  gold  appears  yellow  by  reflection ;  but  a  white 
object,  seen  through  a  thin  leaf  of  gold,  seems  green.  The 
yellow  rays,  therefore,  arc  for  the  most  part  reflected,  the 
green  rays  transmitted,  and  the  rest  absorbed. 

TRAN8PARBNCY  OF  THB  ATM08PHBRB.  —  The 

atmosjpheric  sir  is  one  of  the  most  transparent  bodies  known ; 
when  It  is  not  loaded  with  fog,  or  obscured  bj  other  bodies, 
we  can  see  objects  placed  at  a  very  great  distance :  moun- 
tains do  not  disappear  from  our  view  until  they  are  below 
the  horizon.  But,  notwithstanding  its  feeble  absorbing 
power,  the  air  is  not  a  body  altogether  transparent.  If  it 
were  so,  the  vault  of  heaven  would  be  black,  and  the  sun 
and  moon  would  appear  as  luminous  discs  accurately 
defined.  At  all  places,  where  the  rays  of  the  sun  could 
not  penetrate,  either  directly  or  reflected  by  terrestrial 
objects,  there  would  be  complete  darkness;  and,  at  the 
moment  when  the  sun  sets,  night  would  suddenly  succeed 
day.  As  all  this  does  not  happen,  we  must  necessarily  con- 
clude that  the  particles  of  atmospheric  air  absorb  a  portion 
of  the  light  that  they  receive,  allow  a  portion  to  pass,  and 
reflect  the  third  portion ;  hence  it  is  that  they  illuminate  the 
vault  of  heaven,  light  up  terrestrial  objects  on  which  the  sun 
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docs  not  shine  directly,  and  detecinine  an  ininwiHf  tniiB- 
tion  between  day  and  night. 

We  may  convince  oureelTea  b^  daily  obaerTatiooi  of  the 
reduction  of  the  light  of  the  ann  in  ita  pawage  thnmi^  the 
atmosphere.    If  for  sei'eral  days  we  take  nobee  of  the  wuat 
object,  situated  near  the  horizon,  we  shall  aee  that  H  is  aone- 
timcy  Tcr}'  visible,  at  other  times  much  leas  ao.    SmU 
objects  disappear,  as  we  recede  finom  them;  this  partly' 
arises  from  their  apparent  idie  diminishing  with  thedistanoe; 
but  this  is  not  the  only  cause,  for  the  distance  at  whidi  they 
disappear  is  sometimes  lesa,  at  other  times  greater :  we  mn 
convince  ourselves  of  this  by  direct  measnrementa,  an 
express  the  transparency  of  the  atmosphere  by  thcae  nm- 
bers,  as  de  aamasvra  di^  by  means  of  hu  (Uapkanomtier,  He 
had  several  white  surfaces  placed  one  beside  the  other,  to  ai 
to  be  equsUy  illuminated  by  the  rays  of  the  aon.    On  die 
white  grounds,  he  traced  black  drelea  of  different  diameten: 
namely  5  cent  for  the  first,  and  6  decL  for  the  second.    He 
receded  until  the  second  circle  became  invisible,  and  mea- 
sured the  distance ;  if  the  air  were  perfectly  transparent,  the 
large  circle  ought  to  disappear  in  its  turn  at  a  distance,  the 
relation  of  which  to  the  first  was  the  same  as  that  of  the  two 
diameters :  experiment  constantly  shews  that  this  relation  19 
not  the  same,  but  smaller.    Thiu,  in  one  of  da  Sanasarfs 
experiments,  the  diameters  of  the  circles  were  to  each  other 
as  1 :  12  ;  the  distances,  at  which  they  become  invisible  as 
1:11 ,427,  a  difference  due  to  the  absorption  of  luminous  njs 
by  the  atmosphere. 

We  need  scarcely  add,  that  objects  employed  to  mea- 
sure the  transparency  of  the  atmosphere  should  be  alto- 
gether identical  in  respect  to  form  and  illumination ;  for  the 
distance  at  which  objects  disappear  does  not  depend  «imp]v 
on  the  visual  angle,  but  likewise  on  their  mode  of  illumina- 
tion, niid  oil  the  contrast  made  bv  their  colours  with  sur- 
rounding objects.  This  explains  wliy  stars,  noti^ithstanding 
their  small  dianioter,  are  so  lisihle  in  the  vault  of  hcsven. 
It  is  the  same  vnth  terrestrial  objects :  there  is  a  difiiculty 
in  distinguishing  a  man  when  he  is  projected  on  fields  or 
black  surfacts ;  but  he  is  very  visible  when  placed  on  an 
elevation,  so  as  to  l)e  projected  on  a  light  sky :  hence  the 
optical  illusions  so  connnon  in  mountainous  countries. 

Whiliit  the  chain  of  the  Alps  seen  from  the  plain,  at  a 
great  distance,  is  distinctly  visilile  in  its  minutest  features, 
the  s]XH.'tator  placed  on  one  of  its  summits  scarcely  distin- 
guishes any  thing  in  the  plain  :  all  travellers  agree  in  this 
fact.    During  iny  stay  on  the  Faulhorn,  in  September  1S32, 
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the  weather  yna  very  fine ;  I  distinguished  witii  great  clcar- 
■en  the  chabi  of  the  High  Alps,  but  cver\'  thing  M'as  con- 
Ikiaed  on  the  plain.  The  country,  extending  l)eyond  the 
Iske  of  Brienz  seemed  covered  with  a  veil ;  only  the  suni- 
initB  of  Pilate,  Foret- Noire,  and  the  Vosges,  at  a  great  dis- 
tance, were  clearly  defined,  whilst  nothing  was  distinct  in 
the  plain  between  the  Ains  and  the  Jura.  It  was  with 
Bncfi  difficulty  that  I  could  distinguish,  during  serene  wea- 
ther, the  town  of  Berne  through  a  glass ;  and  ^-et  the  FaiU-' 
horn  ia  veiy  visible  from  that  town.  This  is  easily  explained  : 
indeed,  while  mountains  make  a  contrast  by  their  opacity 
mod  their  deep  colour  with  the  transparency  of  the  sky,  and 
mrt  very  distinctly  defined,  all  the  objects  on  the  plain  are 
dad  in  a  sombre  and  uniform  greenish  tint :  so  that  at  a 
certain  distance  an  isolated  object  is  not  relieved  from 
amoi^  those  surrounding  it. 

Bat  it  is  not  only  rays  coming  from  terrestrial  objects 
that  are  partially  absorbed  by  the  atmosphere;  it  is  the 
flame  with  those  coming  from  the  sun.  The  curved  surface 
that  bounds  the  atmosphere  being  parallel  to  that  of  the 
carthf  and  its  thickness  being  nothing  when  compared  with 
the  mass  of  the  terrestrial  s]>heroid,  we  may  suppose,  with- 
out sensible  error,  that  the  plain  of  the  portion  of  the  atmo- 
■pheie,  which  the  eye  can  embrace,  is  sensibly  parallel  to 
tne  horizon.  If  the  sun  were  in  the  zenith,  its  ra}*^  would 
traverse  the  shortest  road  to  reach  us ;  the  more  the  sun 
^ifproaches  the  horizon,  the  greater  is  the  thickness  of 
atmosphere  to  be  traversed  by  its  rays,  and,  consequently, 
the  more  is  the  brilliancy  of  the  rays  enfeebled :  experience 
proves  this  every  day.  '!rhe  light  of  the  sun  or  of  the  moon 
m  their  passage  to  the  meridian  is  dazzling,  whilst  we  can 

Sxe  at  these  bodies  when  they  are  near  the  horizon ;  fur 
e  same  reason,  the  regions  situated  near  the  horizon 
appear  devoid  of  stars.  The  latter  are  actually  invisible, 
because  their  rays  cannot  reach  us  through  the  thick  stratum 
of  atmosphere  that  they  have  to  traverse ;  but  they  become 
perfectly  visible  as  this  part  of  the  vault  of  heaven  rises 
above  the  horizon.  If  it  were  possible  to  measure  the  in- 
tensity of  solar  hght  at  different  elevations,  we  might  also 
indicate  the  quantity  of  this  abBoq>tion;  but  the.  methods 
employed  to  measure  this  intensity,  and  the  results  obtained, 
are  still  subject  to  very  grave  difficulties."*  The  actino- 
meter,  or  the  heliothermometer,  described  in  p.  149,  may  be 
employed  for  this  purpose.  The  absorption  of  solar  rays 
is  such,  that  in  the  plains  of  Germany,  if  the  sun  were  in 

»  vide  Note  «f,  Appendix,  No.  II. 
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the  zenitli,  and  the  sky  perfectly  clc&r,  the  earth  vrould 
only  receive  two-thinls  of  the  rays  that  arrive  at  the  uDper 
suri'ace  of  the  atmosphere ;  all  the  rest  is  partly  ab«ar\«d, 
and  part  ly  reflected  by  the  air  and  the  particles  of  vapour : 
but  the  liuinerical  value  of  these  elemcntBis  still  unknown." 

BLUE    OOIiOUX    OF    THE    AIR. — Oni-  part    of  the 

luminou!!  rays  is  absorbed,  the  other  reflectwl  hy  the  air; 
the  latt«.'r.  however,  docs  not  act  equally  on  all  the  colQured 


rays,  of  which 
glass,  it  rather 
spectrum  to  j 
rays ;  but  this 
trayeraed  largt 
the  blue  colou 
and  not  to  a  t 
des.  Iflheai 
distant,  and  tl 
blue,  irhich  it 
BaaneAfrata  l 


ned :  it  acts  like  a  milkj 
the  red  extremity  of  tlw  < 
ntrarj',  reflecta  the  blu« 
isible,  until  the  light  hai 
SanasTire  has  shewn  that 
to  the  reflection  of  light, 
giiig  to  the  ai>rial  parti* 
mountains  that  arc  very 
li  saow,  ougbt  to  appear 


of  blue,'  when  the  ran  \a  near  the  horizon,  have  been  con- 
firmed by  an  experiment  of  Haaaanftvta  :  be  passed 
solar  light  throueh  an  opening,  and  recdyed  it  on  a  pi 


;  blue  ray  undergoes  ' 
greatest  retieetik.,.  :ker  tbc  stratum  of  atmo- 

^here  in  wliich  tu  jei       the  more  do  the  blue  rari 

disa;ppear,  ivhich  u  rci       y  visible  :  now.  when  ine 

sun  IS  ncnr  tbe  hor.^u..,lhe  raj  i.„verscs  a  greater  thickuca 
of  the  atmosphere ;  thus  this  'body  appears  to  ns  red,  pur- 
ple, or  yellow.    The  predominance  oi^red,  and  the  ahaenee 


the 


be  then  measured  the  width  of  the  prism  at  a  eertam  di» 
tance ;  the  observation  was  repeated  when  the  inn  was  at 
different  heights  ahoye  the  botiion.  In  the  long  dayi  of 
summer,  at  mid-day,  the  length  of  the  prism  was  185  pttits; 
and  in  winter,  durmg  the  shortest  days,  at  sunset,  only  70 
parts.  All  the  rays  of  the  extreme  violet  were  wanting ;  for 
the  spectrum  n-as  only  composed  of  red,  orange,  and  gnea : 
an  evident  proof  that  all  the  blue  raya  had  been  absorbed. 
The  blue  rays  also  are  often  wanting  in  rainbows  that  ap* 
pear  a  short  time  before  Bunset. 

In  order  to  measure  the  intensity  of  the  blue,  da  twaM- 
aoTB  invented  the  ci/ajiometer.  Imasine  a  band  of  p^er 
dii-ided  into  rectangles,  of  which  the  fint  is  of  the  deepest 

folLova,  from  Borairj 
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cobalt  blue,  whilst  the  last  is  almost  white,  the  intermediate 
xectangles  presenting  all  imaginable  shades,  between  deep 
htae  and  wnite.  If  we  find  that  the  blue  of  one  of  these 
rectangles  is  identical  with  that  of  the  sky,  we  then  express 
this  identity  by  a  number  corres]x>nding  to  one  of  the  rect- 
iiiffles,  and  every  thing  is  obtained  lor  drawing  out  the 
awe  of  the  instrument.  To  accomplish  this,  de  8aassi&re 
teated  on  this  principle,  that  the  difference  between  two 
Tery  similar  colours  disappears  the  farther  we  recede,  so 
that  finally  they  are  confounded.  De  Saussure,  therefore, 
takes  two  shades  of  blue  that  are  very  similar,  and  lays 
lieaide  each  other  two  sheets  of  paper  coloured  with  these 
ahades ;  then  he  recedes  until  a  black  circle,  four  millimetres 
in  diameter,  painted  on  a  white  ground,  and  placed  beside 
these  sheets  of  paper,  becomes  invisible ;  if  the  differences 
of  the  shades  disappear  at  a  distance  greater  or  less  than 
that  at  which  the  circle  disappears,  one  of  these  must  be 
exchanged  for  another,  until  tne  required  shade  is  obtained. 
In  this  manner,  de  Sausatire  obtained  between  white  and 
black  fifty-one  shades,  and  consequently  53  degrees  in  ail. 
The  white  was  marked  0 ;  and  he  satisfied  himself,  by  other 
experiments,  that  these  decrees  corresponded  to  combinations 
of  white  and  deep  blue  mixed  in  definite  proportions. 

Other  apparatus  have  been  devised,  but  all  are  intended 
for  roeasunng  the  intensity  of  the  blue.  Now,  as  the 
atmosphere  presents  other  colours,  such  as  yellow,  red, 
grevisn  blue,  &c.,  instruments  should  be  constructed  for 
eacn  of  these  colours.  The  following  apparatus  might 
serve  to  indicate  the  shade  of  colour ;  but  I  leave  others 
the  care  of  verifying  by  actual  experiments  the  utility  of 
this  idea.  The  colour  of  objects  is  due  to  the  want  of  cer- 
tain of  the  colours  of  white  light ;  thus,  then,  if  we  knew 
the  principal  elementary  colours  in  white,  and  in  the  li":ht 
conung  from  any  body,  we  might  know  the  colour  of  that 
body.  In  order  to  determine  the  number  of  elementary 
colours,  we  should  select  a  perfect  prism  of  flint-glass,  and 
^x  it  at  the  extremity  of  a  tube  three  or  four  decimetres 
long.  The  light  of  a  body  whose  colour  we  desire  to 
know  is  received  through  a  narrow  opening,  and  the  prism 
decomposes  it ;  but,  in  order  to  distinguish  tne  colours  well, 
they  are  received,  as  they  pass  out  from  the  prism,  on  the 
achromatic  object-glass  of  an  astronomical  telescope.  By 
means  of  a  micrometer-screw,  the  length  of  the  spectrum 
and  the  width  of  each  colour  is  measured :  in  this  wav,  we 
may  not  only  indicate,  "with  great  accuracy,  the  different 
shaaes  of  the  sky,  but,  on  repeating  the  experiment,  when 
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the  nin  is  »t  dilTcreiit  heighu  above  the  horizon,  we  an 
at  a  positive  knowledge  of  the  number  and  the  noturt 
the  different  tlcmentary  colours  of  solar  light. 

The  Ricrt-  conlcmplMion  of  the  «ky  at  oaee  proves  !< 
that  its  colour  is  not  the  name  at  ail  points  of  the  same  i 
tical;  it  ii  generally  deeper  in  the  lenith  ;  then  it  b___ 
Inighter  tnwatd  ine  horizon,  when  it  is  frequently  a. 
pletelj  white.    This  contra«l  hccomes  still  more  striking  by 

the  use  of  tiie """      '^'■~-  -de  BawwnTe  found  one 

day  that  the  o  to  No.  2S  of  his  evaao- 

meter,  was  ui  of  the  zenith,  anil  that 

correspOTiiling  -  >rizon ;  At.  de  RimbaUk 

arrived  at  ana  the  coloor  of  the  sanM 

part  of  the  «k^,  arly  during  the  day;  ia 

that  it  bccomei  J>K  to  mid-day,  and  b^ 

comes  clearer  f\  .'Veaing. 

When  we  a  n  to  niounlains,  the  il^ 

appears  dceuer  imtMw-hnnlera  and  sbep- 

herds  have  ion^  ac  was  the  tir«t  to  direct 

attention  to  Ibis  attre  vcrilied  ui  the  A)p^ 

and  AI.  de  Biib»  illcras.    Id  onr  cliioMeL 

the  shy  has  the  unvn>  uiuc  our  when,  after  aevenu 
days'  rniu,  the  cast  wind  drives  .  "ay  the  etoads.  AeccHrd' 
ing  to  M.  de  Humboldt  the  xky  is  oliier  t)etweeii  the  tropics 
than  in  tho  hi<:her  latitudes ;  bnt  paler  at  ^a  than  in  the 
interior  of  countries. 

The  colour  of  the  aky  is  modified  by  the  corobinalioD  of 
three  tints  :  blue,  which  is  reflected  by  the  particles  of  air ; 
the  black  of  the  vault  of  heaven,  that  forms  the  gtoaai  tt 
the  atmosphere ;  and  finally,  the  white  of  the  vesicla  of 
fog  and  flakes  of  snow  that  swim  in  the  atmoepheie.  ht- 
deed,  the  tint  of  the  blue  rays  is  darkened  by  the  black 
colour  of  Kpace ;  and,  on  the  other  hand,  it  is  made  lighter 
by  the  white  of  the  vesicles  of  fog;  when  we  asceod  in  ths 
alinuspherc,  we  leave  a  great  portion  of  the  veaicloa  ot 
vapour  beneath  us.  So  that,  while  rays  reach  the  ere  in 
teas  proportion,  and,  the  sky  being  covered  with  a  lenar 
number  of  particles  reflecting  its  light,  its  coloKr  becomea  of 
a  deeper  blue.  For  the  same  reason,  the  blue  in  the  a^A- 
bourhood  of  the  horizon  is  less  intense  than  at  the  aendh. 
If  the  sky  is  paler  in  the  open  sea,  and  in  high  latituda^ 
than  in  the  interior  of  the  continents,  and  in  the  neigkboiU> 
hood  of  the  equator,  it  most  he  attributed  to  the  veiklet 
of  fog.' 

•  On  TBI  paitsiitTioii  or  mEin  la.- 
/KilariKi,  wtmt,  arm  untdar  perpUHllculu  Id 


Uoasrar  la  oa^MMr 

m— BtpMS UWIi^ 
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TWILIGHT. — During  a  serene  day,  as  the  sun  approaches 
the  horizon,  the  ncighhouring  portion  of  the  sky  is  coloured 
yellow  or  red.  The  nys^  which  have  heen  traversing  a 
great  thickness  of  the  atmosphere,  lose,  on  their  way,  a  great 
portion  of  the  blue  rays,  and  we  receive  only  the  red  rays. 

a  thin  fllm  of  toomiftline  cut  to  m  to  oontain  the  axis  of  this  etTftal. 
and  placed  in  »  situation  perpendicnlar  to  this  radios.  The  plane  pMstng 
through  this  radius  and  this  axis  is  named  the  plane  of  polarisation.  The 
polarised  ray  also  possesses  other  characters,  by  which  it  is  defined ;  but  this 
is  sufficient. 

If  the  plate  of  tourmaline  Is  turned  90°,  its  sur£sce  remaining  perpendicu- 
lar to  the  luminous  rays,  these  rays  pass  through  the  plate ;  Uie  plane  of 
polarisation  is  then  perpendicular  to  the  axis  oC  the  cnrstal.  So  that  the 
polarised  ray  can  no  longer  be  considered  as  symmetrical  with  reference  to 
exterior  space :  hence  its  name. 

Light  may  be  partially  polarited  ;  it  may  then  be  regarded  as  constituted 
of  natural  light  not  polarised,  and  light  completely  polarised.  All  possible 
intermediate  conditions  may  be  obeerred  between  these  two  states  of  light. 

The  act  of  reflection  polarises  luminous  rays ;  the  plane  of  the  polarisa- 
tion of  a  reflected  ray  is  that  in  which  the  reflection  takes  place ;  but,  if  tiie 
incidence  is  normal,  the  light  is  not  polarised. 

From  these  principles  we  may  explain  the  polarisation  of  the  light  of  a 
clear  slcy.  If  we  imagine  a  plane  paraing  through  the  sun  and  the  <H^senrer, 
the  light  coming  from  the  son,  wUeh  reaches  we  eye  of  the  latter,  along  a 
certain  line,  situated  in  this  plane,  has  been  reflected  by  the  aerial  mole- 
cules situated  in  the  course  of  this  line.  This  light  would,  therefore,  be 
p<rfarised  in  a  plane  passing  through  the  sun ;  now,  this  is  actually  what  we 
observe.  If  M.  Aeaoo's  ehromatieoolariMtipe,  or  (iAyARr'9jiringe  volar itcopr^ 
(instruments  which  are  described  in  most  treatises  on  Naturu  Philosophy) 
is  directed  toward  the  sky,  we  recognise  that  the  intensity  of  the  polarisa- 
tion is  very  great  near  the  senith,  that  K  goes  on  increasing  until  about  90** 
degrees  fli-om  the  sun ;  after  which,  it  progressively  diminishes  to  a  distance 
of  15(f  from  this  body,  at  least,  if  the  place  of  this  latter  is  a  little  above  or 
a  little  below  the  horizon.  At  this  place  the  polarisation  is  insensible.  This 
point,  which  is  situated  in  the  sun's  vertical,  has  been  usually  designated  the 
neutral  point.  Beyond  this,  the  polarisation  begins  to  increase ;  but  the 
plane  of  the  polarisation,  instead  of  coinciding  wlUi  the  vertical  of  the  sun, 
has  become  perpendicular  to  It.  MM.  Axago,  Biot,  and  Foxbes,  attribute 
this  latter  phenomenon  to  the  secondary  reflections  that  occur  between  the 
aerial  molecules  taken  two  and  two.  It  is  evident  that,  with  respect  to  one 
molecule  of  air,  the  rest  of  the  atmosphere  plays  the  part  of  an  illuminating 
body  in  the  form  of  a  horizontal  rinv  surrounding  it  on  all  sides.  The  por- 
tion of  light  that  the  molecule  borrows  from  this  source  must,  therefore, 
be  polarised  in  a  horizontal  plane,  or,  at  least,  in  a  plane  but  little  inclin«l 
to  the  horizon ;  and  in  all  cases,  on  account  of  its  symmetry,  tUs  plane  roust 
be  perpendicular  to  the  vertical  of  the  sun,  if  the  molecule  is  itself  rituated 
in  this  plane.  In  proportion  as  we  examine  the  parts  of  the  sky  that  aro 
nearer  to  the  point  of  the  horizon  opposite  to  the  sun,  polarisatton  in  a  hori- 
sontal  direction  must  go  4>n  increasing,  and  end  by  predominating  over  ver- 
tical polarisation,  which,  on  the  contrary,  continues  diminidiing,  until  the 
incidence  of  the  solar  rays  approaches  more  and  more  toward  being  normal 
with  the  same  molecules. 

M.  Babinxt  found  a  second  neutral  point,  in  the  neighboumood  of  the 
wan ;  its  height  is  17**  ao'  above  the  centre  of  the  son.  Mr.  Foxbbs  explains 
U  by  the  preceding  theory,  namely,  the  predominance  ct  redproeal  horizon- 
tal reflections. 

The  angles  159"  and  17"  acK  are  the  mean  result  of  numerous  observa- 
tkms  made  by  hL  Baavais,  on  the  summit  of  the  Fanlhom,  in  IS4S ;  we  may 
believe  that,  in  the  plain,  the  situation  of  these  neutral  points  is  somewhat 
dllflerent.  The  presence  of  clouds  in  the  sky  is  even  sufllcient  to  diq[>lace 
tbcm  from  their  natural  positions.— M. 
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The  skj  liecu[]ic»  pale  in  the  ncigbbourhood  of  the  zenith, 
and  the  clcnnicM  goes  on  incrcasinc  towards  the  wewern 
horizon.  We  gradually  obsen-e  in  (be  cast  oflhe  skr,  situ- 
ated oppo^ilL'  to  the  BUU,  a  red  tint,  that  attains  its  mazinnaa 
intensity  nt  the  moment  when  the  sun  descends  below  the 
horizon.  Tliis  eoltmrinji  is  the  effect  of  the  hst  rays  uf  the 
setting  sun.  that  Bcadft  tmo  this  icgion  of  the  sky  only  its 
red  raj^  which,  after  their  reflection,  apiin  ttaTerae  the 
atmosphere,  and  reach  the  eye  of  the  observer  entirely  de- 
prived of  their  blue  rays.  According  to  the  state  of  ifie  at- 
mospbeti;,  this  colour  varies  between  fiery  red  and  deep 
purphj ;  in  like  manner,  in  the  west  of  the  sky,  the  twilight 
presents  all  the  intermediate  tints  betireen  gold'yellow  and 
deep  red ;  the  red,  however,  is  never  so  deep  as  that  of  the 
eastern  sky. 

When  [he  sun  descends  a  le  below  the  horizon,  we 
may  observe  in  the  eastern  A  a  segiiient,  more  or  lev 
clearly  dvflned,  of  a  deep  blue  c  ur,  above  which  the  red 
colour,  of  which  Mt  have  spokci..  s  constantly  shewn.  The 
■eparation  1n.-tweenthcblucand  the  red  segment  is  frequently 
Tery  plain  ;  but,  under  favourable  circumalances,  we  may 
distinguUh  bclwcen  them  a  while  or  yclliiw  ¥tri|X' :  Mairas, 
irho  was  ilif  first  to  draw  attcmioii  lo  this  subjirl.  named  it 
teeoTid  taiiiglit  or  anti-tunUght. 

Its  culminating  point  is  situated  opposite  to  the  sun ;  and 
an  attentive  observation  proves  that  this  segment  is  due  to 
the  shadow  of  the  earth  projected  on  the  sky.  This  point  ia 
no  longer  illuminated  by  the  direct  rays  of  the  sun,  but 
merely  by  a  diffused  light ;  and,  as  the  latter  is  blue,  it  com* 
municates  this  tint  to  the  entire  lenient.  So  long  as  the 
upper  limit  of  the  shadow  of  the  earth  is  not  very  high,  the 
red  tints  in  the  western  and  eastern  »ky  are  confounded  in 
the  hishcr  regions ;  when  the  air  is  very  pure,  and  not 
charged  with  trie  vapour  of  watera.  the  zenith  is  blue ;  but 
if,  during  the  day,  the  sky  has  a  whitish  colour,  then  it  is 
entirely  covered  with  a  purple  tint ;  because  the  eye  not 
only  receives  the  blue  rays  reflected  by  the  zenith,  but  alio 
the  red  rays  derived  from  the  partides  of  vapour  that  are 
situated  lower.  The 'anti-crepuscular  arc  giadually  i^ses 
towards  the  zenith,  where  the  stiy  appears  bine,  the  redness 
of  the  western  sky  becomes  deeper,  and  a  few  isolated  stars 
become  visible;  sometimes  a  second  red  coloration  is  again 
shewn  in  the  eastern  sky.  In  proportion  at  the  sun  de- 
scends, the  red  segment  of  the  western  aky,'  which  descends 
with  it,  becomes  better  defiaed,  and  above  it  is  seen  a  white 
space  in  the  form  of  an  arc,  which  we  might  call  with. 
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Brandes  crepuscular  U^lU,*  The  more  the  sun  deacendSi 
the  more  does  darkness  mcrease,  and  finally  the  mater  por- 
tion of  the  stars  begin  to  shine ;  the  moment  wnen  stars  of 
the  sixth  magnitude  become  visible  may  be  considered  as  the 
end  of  twilight.  This  is  called  astronomical  twilight,  ia 
order  to  distinguish  it  from  ordinary  twilight,  which  termi" 
nates  when  du'kness  compels  ns  to  suspend  labour  that  is 
goii^  on  in  the  open  air  (vide  Note  F). 

Daybreak  and  twilight  depend  on  the  rays  that  come 

*  When  the  crepuacuUr  ennre,  formed  by  the  shadow  of  the  eerth  pro* 
jected  on  the  high  regions  of  the  at]noq>here,  sets  in  the  evening  on  tb« 
western  hoi*izon,  we  may  still,  under  rery  fitvoarable  circumstances,  per- 
eeire  a  feeble  and  whitish  li^t  illuminating  the  sky  towards  the  N.W. 
and  which  sometimes  rises  to  a  considerable  angular  hei|^t.  This  light  is 
Incontestably  due  to  secondary  illumination,  thrown  on  the  higher  mdnts  of 
the  atmosphere  by  strata  of  air  situated  at  that  time  below  the  honson  and 
directly  Uliraiinated  by  the  sun ;  the  lifl^t  of  this  atmoepheric  space  is  due 
to  rays  that  have  already  undergone  a  ilrst  reflection,  which  M.  BiOT  (iltf^- 
moi'rc  de  FActutimie  de*  SciencfM,  U  xrii.)  names  the  teamd  crcpuscuktf 
space. 

It  does  not  appear  that  this  second  twilight  can  be  obserred  Arom  ouv 
Talleys ;  but  on  high  mountafau  it  is  Tery  Inquently  risible :  dm  Savssuss 
observed  it  when  on  the  Col  de  G£ant;  the  llflit  attains  to  as  much  as  30" 
above  the  horison  ;  the  depreesion  of  the  sun  below  the  horison  of  the  illu»> 
trious  philosbpher  was  at  the  time  22*.  M.  Beavais  observed  it  several 
tbnes  on  the  summit  of  the  Faulhom  (canton  of  Berne),  2683  metres  above 
the  level  of  the  sea,  during  the  years  1841  and  1842.  The  following  ubitf 
contains  the  results  of  his  measurements.  The  column  on  the  left  indicates 
the  senithal  distance  of  the  sun  at  the  moment  of  observation ;  the  column 
on  the  right  gives  the  angular  limit  in  heij^t,  beyond  which  the  light  ceased 
to  be  distinct. 
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TUX  SXCOND  CaXPUSCTLAa  SPACE. 


Aug.  2,  evening     1842 

107°  4' 

170,6 

„    12,  morning    1842 

107  25 

20  ,.'> 

„      5,  evening     1842 

108  34 

16  ,4 

..      5.        „          1842 

111    a 

25  ,2 

„    13,  morning    1842 

112    5 

16  .0 

„      9,  evening     1842 

112  13 

16  ,6 

„    16,  morning   1842 

113  23 

12  ,5 

„      ^  evening     1841 

116    4 

9  ,0 

..     IC,        „          1842 

116    6 

7  ,0? 

These  measurements  are  perfectly  compatible  with  the  explanation]! 
that  we  have  Just  given ;  if  it  were  true  that  the  ordinaiy  crepuscular  curve 
•xactly  coincided  with  the  curve  of  the  passage  of  the  earth's  shadow  out  of 
mar  atmoqihere,  this  second  crepuscular  curve  ought  itsidf  also  to  be  inter« 
preted  in  an  analogous  manner,  mad  we  might  use  it  with  advantage  to  deter-' 
mine  the  height  of  our  atmosphere ;  but  our  knowledge  on  this  subject  is 
■till  much  too  imperfect  for  such  dednotions  to  be  at  present  at  all  le^ 
gltimate. 

The  light  of  the  second  twilight  is  fldnt,  without  any  marked  colour,  and 
analogous  to  the  Milky  Way  in  brilliancy ;  it,  therefore,  does  not  prevent; 
our  seeing  the  small  stars,  even  those  of  the  fifth  and  sixth  magnitude.— M/ 

X 
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from  the  sun  meetinff  the  holier  stnta  of  tlie  air,  and  being 
reflected  by  it  and  dfipeiaed  m  all  direetiona,  when  the  son 
has  for  some  time  dkapMared  below  the  horiaon ;  theae  laja 
arc  again  reflected,  and  lUnminate  the  eastern  ade  of  the  o^ 
Icstial  vault.  Fran  this  we  can  undentand  that  an  Inthnafte 
connexion  exists  between  the  descent  of  the  son  bdow  the 
horizon,  the  state  of  the  atmosphere,  and  the  light  of  which 
we  are  sx>eakinff :  so  that  astrcmoBiers  haive  enaeavonred  t9 
indicate  this  rdatkm,  hy  falcnlating  the  dnration  of  twi- 
light for  dilferent  coontries  and  different  seasons ;  bat  they 
have  been  too  much  preoccupied  with  the  mathemarieai 
elements  of  the  Question,  and  have  in  some  degree  neglected 
the  physical  conoitjons.  All  of  them  have  endearooied  lo 
determine  the  moment  when  the  sun  is  18^  below  the  hoii* 
zon,  and  have  not  inquired  whether  this  angle  every  when 
corresponds  with  the  end  of  twilight:  so  that,  in  n^  opinio^ 
the  question  is  no  ihrther  advanrad  than  at  the  pdriod  wlieB 
a  cardinal  induced  the  Portuguese  Nontaa  to  enter  iipoft 
this  question. 

Twilight  terminates  at  the  moment  when  '^^^'^n^^m  attaim 
a  certain  determinate  degree.  Ancient  astronon^ers  mf9, 
as  a  rule,  that  wc  should  see  stars  of  the  sixth  nMgnitude  in 
the  neighbourhood  of  the  zenith ;  but  these  stars  do  not  be* 
come  visible  until  the  moment  when  the  reflected  li":ht  that 
is  spread  in  the  atmosphere  is  very  faint,  and  when  the 
rays  from  the  stars  are  not  too  much  reduced,  in  their  pas- 
sage through  the  atmosphere,  to  produce  a  luminous  sensa- 
tion on  the  eye.  The  more  vapour  there  is  condensed 
during  the  day,  the  more  dull  does  the  sky  appear,  and  the 
more  enfeebled  also  is  the  light  that  passes  through  the 
atmosphere,  whilst  the  reflected  rays  amount  to  a  large 
number :  imder  these  circumstances,  twilight  is  very 
long.  In  the  interior  of  Africa,  where  the  air  is  sometimes 
80  pure  and  so  transparent  that  Bmce,  when  in  Sennaar,  saw 
the  planet  Venus  in  broad  daylight,  night  immediately  suc- 
ceeds sunset.  On  the  other  side  of  the  Alps,  in  Daunatia 
for  instance,  night  occurs  half  an  hour  after  sunset.  Be- 
tween the  tropics  twilight  is  still  shorter :  it  lasts  a  quarter 
of  an  hour  at  Chili,  according  to  Acosta;  and  a  few  minutes  at 
Cumana,  according  to  M.  de  Humboldt;  the  same  phenome- 
non occurs  on  the  coast  of  Africa.  These  results  cuffer  very 
maniiestl^  from  those  obtained  by  calculations,  according  to 
which  twilight  ought  to  last  at  least  an  hour.  We  arc, 
therefore,  obliged  to  admit  that  between  the  tropics  the  sun 
is  not  so  far  bclciv  the  horizon  at  the  end  of  twilight  as  it 
is  in  the  very  high  latitudes.    When  the  air  is  fified  with 
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vesicular  vapours  and  particles  of  snow,  the  sun  may  descend 
as  much  as  30^  below  the  horizon  without  darkness  being 
complete,  as  the  long  twilights  of  Greenland  and  other  polar 
countries  prove.'*  Its  duration  must  vary  according  to  sea- 
sons ;  in  summer,  when  the  vesicular  vapour  is  higher  than 
in  winter,  the  sun,  according  to  Rlccioii,  is  at  a  greater  dith- 
tance  below  the  horizon  at  the  end  of  twilight  than  in 
winter :  in  like  manner,  in  the  morning,  at  the  commence- 
ment of  daybreak,  it  is  higher  than  in  the  evening,  probably 
because  a  part  of  the  vapours  of  water  is  precipitated  to  the 
■surface  of  the  earth. 

When  the  vapours  are  very  high,  while  the  lower  strata 
of  the  atmosphere  are  very  transparent,  twilight  may  last 
for  a  very  long  time.  The  summer  of  1831  was  remaiKable 
in  this  point  of  view ;  very  prolonged  twilights  were  seen 
from  Madrid  to  Odessa,  and  the  newspapers  of  the  period 
were  filled  with  observations  of  this  kind.  These  twilights 
were  very  remarkable  on  the  24th,  25th,  and  26th  of  Sep- 
teml)er.  On  the  25th,  the  setting  of  the  sun  presented  no- 
thing extraordinary ;  but  the  colour  of  the  SKy  very  soon 
became  of  a  very  deep  orange  tint ;  the  brilliancy  of  the 
crepuscular  light  slowly  diminished  and  passed  to  red ;  the 
illuminated  portion  of  the  sky  contracted  more  and  more, 
and  exactly  corresponded  to  the  point  where  the  sun  was 
beneath  the  horizon ;  it  was  still  seen  as  late  as  eight  o'clock, 
an  hour  at  which  the  sun  was  19°  30'  below  the  horizon  : 
it  was  the  same  on  the  following  evenings ;  and  the  mornings 
also  presented  extraordinary  phenomena.  M.  Nees  d'E- 
•enbeck,  who  was  contemplatmg  the  phenomenon  from  the 
summit  of  the  Hampelbande,  says  that  the  morning  of  the 
24th  had  not  its  usual  brilliancy,  and  rather  resembled  a 
winter  t\vilight.  On  the  25th,  immediately  after  sunset,  a 
deep  red  tint,  veiled  in  vapour,  covered  all  the  sky,  enve- 
loped the  horizon,  and  seemed  to  be  lost  in  the  zenith,  in 
the  form  of  red  rays.  At  this  moment,  a  violent  storm 
rose  in  the  S.W. ;  it  lasted  all  night  vnth  diminished  vio- 
lence ;  and  the  red  colour  disappeared  about  nine  o'clock. 

This  phenomenon  depends,  as  I  have  said,  on  vapours 
elevated  m  the  atmosphere.  From  the  24th,  the  barometer 
fell  at  Halle,  the  sky  was  not  of  a  deep  blue,  although  it 
was  clear ;  the  sun  had  the  dead  brilliancy  of  the  moon. 
This  state  of  the  atmosphere,  analogous  to  that  which  pre- 

*  It  has  not  been  proved  that  the  long  twilights  of  the  north  are  not  doe 
^mply  to  the  obliquity  of  the  diurnal  inarch  ra  the  son,  inaamnch  as  the 
height  of  the  atmosphere  there  is  probably  less  than  at  the  equator,  a  cir^ 
cumstance  which  has  a  marked  influence  over  the  duration  of  twilight.— Si. 
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cedes  storms,  when  cirri  float  to  the  high  n^on  of  tbe 
atmosphere,  eJtteuded  over  a  groat  part  of  Europe.  The 
long  twilights  attended  by  stornis  were  remarked  in  northern 
ana  sonthern  Europe,  as  is  proved  by  &  violent  hurricane 
that  burnt  over  Messina  on  the  27 th  of  September.  During 
the  entire  gummer  of  1831,  atonns  were  very  frequent,  una 
there  were  hurricanes  in  the  West  Indies.  On  the  3J  ol' 
August  and  folliwiti"  Aavn.  ihp  brilliancy  of  the  twilight 
was  remarked  f  rmaay,  at  Home,  and  at 

Genoaj  but,  ai  lent  storms  burst  in  many 

n,  at  St  Gioi^  and  in 
he  Tyrol,  the  S.W.  wind, 
violent  that  there  were 
if  Antilles,  terrible  hurri- 
le  nth  of  August  i  and 
on  the  14th.  They  were 
rn  the  north,  which  made 
luiwina  on  the  l<!lh  and 


Silesia.  In  Sw 
that  aecoiupan. 
serious  inundati 
canes  desolated 
Jamaica,  llayti 
•-'   v.th 


great  ravages  i.,  i 

a7th. 

DAWN  AND  TwiLiQHT  —We  liRvc  already  seen 
that  their  duration  and  coJouri    ;  depend  o      '  ' 

the  atmnjphere.  Iftheairis'  leil  with  ve 
and  the  sky  during'  thi: 
Uien  the  red  is  more  or  less  dead  and  mingled  with  grey 
Btrio!,  sometimes  of  a  deep  carmine  colour ;  and,  even  during 
the  i^y,  the  part  of  the  sky  below  the  sim  appears  more  or 
less  red.  It  is,  therefore,  eertain  that  these  vapours  are  to 
arranged  as  to  allow  only  the  red  rays  to  pass.  Tfana  in 
winter,  in  our  latitudes,  the  sky  is  frequently  red  through- 
out  the  day ;  and  in  summer,  during  rainy  weather,  when 
fine  cirri  arc  floating  in  the  atmosphere,  the  some  oocon 
several  hours  before  the  culmination  of  the  sun;  hut,  when 
the  ak^  has  been  of  a  deep  blue  throughout  the  day,  tbui 
the  twilight  presents  a  yellowish  tint  If  light  eiamUi  or 
■  o-ctanvli  are  in  the  atmosphere,  thcy  are  beautifully 
-"■       '- ■'^  -     "1  then     -     ' 


coloured ;  and  in  the  intervals  oetween  t 


«  observed 


the  green  tints,  of  which  we  have  already  s] 

This  red  colouring  of  the  clouds  is  connected  with  a 
phenomenon  that  I  have  frequently  observed  in  SwitterUad* 
and  which  is  named  the  rose-tint  of  the  Alps  (da*  OlSkem 
der  Alpeii).  A  short  time  alter  sunset,  the  snowy  n  '  ' 
the  Alps  appear  of  a  rose  colour ;  the  colour  then  b 
deeper,  and  Anally  disappears,  when  the  shade  of  the  earth 
reaches  to  their  summits  \  the  snows  then  assume  a  bluish 
grey  appearance.  Sometimes  the  Alps  are  oolotired  aftesh, 
but  in  a  less  marked  manner,  and  not  for  so  long  a  time  as 
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tt  first  This  phenomenon  occurs  for  the  most  part  when 
light  cumuli  or  etrrO'CumuU  are  floating  in  the  west ;  the 
bia«  surfaces  of  the  rocks  then  resemhle  masses  of  incandes- 
eent  iron.  Here  again,  the  reflected  red  rays  reach  the  eye 
in  the  greatest  numbers,  and  this  reappearance  of  the  rose- 
tint  certainly  arises  from  the  red  rays,  which,  being  reflected 
by  the  atmosphere,  illuminate  the  summits  of  the  mountains 
a  second  time. 

Hie  appearances  of  twilight  depend  on  the  state  of  the 
§ky ;  it,  therefore,  follows  that  they  may  serye  to  foretell, 
to  a  eertain  extent,  the  weather  of  the  following  day ;  when 
the  sky  is  blue,  and,  after  sunset,  the  western  region  is 
eorered  with  a  slight  purple  tint,  we  may  be  sure  that  the 
iveather  will  be  fine,  especially,  if  the  horizon  seems  coyered 
'With  a  slight  smoke.  After  rain,  isolated  clouds  coloured 
red  and  well  illuminated  announce  the  return  of  fine  wea- 
ther. A  twilight  of  a  whitish  yellow,  especially  when  it 
crtends  to  a  dirtance  on  the  sky,  is  not  a  sign  of  fine  weather 
for  the  following  day.  In  the  opinion  of  tnose  who  liye  in 
the  country,  we  must  expect  storms  when  the  sun  is  of  a 
brilliant  white,  and  sets  in  the  midst  of  a  white  light,  which 
0caroely  permits  us  to  distinguish  it ;  the  prognostication  is 
fltill  worse,  when  light  cirri^  that  giye  the  sky  a  dull  appcar- 
anoe,  appear  deeper  near  the  horizon,  and  when  the  twi- 
U^t  is  of  a  greyish  red,  in  the  midst  of  which  arc  seen  por- 
tions of  a  deep  red,  that  pass  into  ^ey,  and  acaiccly  per- 
mit the  sun  to  be  distinguished:  m  this  case,  yesicular 
vapour  is  yery  abundant,  and  we  may  calculate  on  wind 
and  approaching  rain. 

The  signs  drawn  from  daybreak  are  somewhat  different; 
when  it  is  yery  red,  we  may  expect  rain,  whilst  a  grey 
morning  announces  fine  weather.  The  reason  of  this  differ- 
ence between  a  grey  dawn  and  a  grey  twilight  is  because, 
in  the  eyening,  this  colour  mainly  depends  on  cirri,  in  the 
morning,  on  a  stratus,  which  soon  yields  to  the  setting  sun, 
whilst  uie  cirri  become  thicker  during  the  night.  Kat  sun- 
rise there  is  enough  of  yapours  for  the  sun  to  appear  red,  it 
is  then  yery  probable  that,  in  the  course  of  the  day,  the 
ascending  current  will  determine  the  formation  of  a  thick 
stratum  of  clouds. 

HEIGHT  OF  THE  ATMOSPHERE.  —  The  pressure 
that  the  particles  of  the  atmosphere  undergo  diminishes  as 
we  rise  atwye  the  leyel  of  the  sea ;  the  density  of  the  air 
diminishes  in  the  same  proportion.  K  we  could  obserye  the 
barometer  and  thermometer  at  this  elcyation,  it  would  be 
easy  to  deduce  the  density  of  the  atmosphere;  but  it  is 
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important  to  know  to  what  extent  thk  dimmntinn  of  dtamty 
can  go,  'whether  the  air  is  rarified  indefinitely,  or  whether 
this  refraction  has  a  limit.  Under  the  last  sappoiiitioD,  the 
limit  of  the  atmosphere  would  he  found  at  a  point,  whea 
the  air  would  be  so  rarefied  that  this  action  oould  not  he 
carried  farther ;  if  this  rare&ctian  could  go  on  oil  mfimitMmp 
then  the  air  would  he  diffused  throughout  spaee^  and  each 
planet  Avould  form  an  atmosphere  for  itself.  It  is  difllifflilt 
to  know  experimentally  whioi  of  these  suppoaiticniB  is  true; 
for  we  cannot  expose  wghly  rarefied  air  to  a  degree  of  cold 
equal  to  that  which  preraib  in  tiie  limits  of  the  atmosphere. 
It  appears  more  prohahle  that  this  larefiMtion  of  the  air  is 
limited ;  for,  as  each  planet  draws  to  itself  a  part  of  the 
atmosphere,  refiactioii,  according  to  a  ranark  made  hf 
WoUaaton,  would  he  Tezy  marud  in  these  planetary  aft- 
mospheres.  Obsemrtions  shew  nothing  resembling  thia. 
When  a  planet  passes  near  a  fixed  star,  the  apparent  pori^ 
tion  of  the  star  undeigoes  no  change;  its  n^  are  not 
divided  by  the  atmosphere  of  the  ^anet,  at  least,  so  &r  aa 
the  most  attentive  observstion  has  demonstrated.^ 

K  the  atmosphere  is  limited,  at  what  height  is  this  limife 
found  ?  We  have  sought  to  deduce  this  mxm  the  pheno* 
mena  of  twilight.  Indeed,  from  the  apparent  height  of  the 
illuminated  segment,  and  from  the  known  distance  of  the 
sun  below  the  horizon,  wc  may  deduce  the  height  of  the 
last  aerial  particles,  capable  of  reflecting  light.  Supposing 
the  sim  18°  below  the  horizon,  we  find  from  60,000  to 
80,000  metres  as  the  height  of  the  atmosphere ;  but  if  we 
make  more  accurate  measurements,  taking  from  moment  to 
moment  the  height  of  the  illuminated  segment,  and  com- 
paring it  with  the  depression  of  the  sun  below  the  horizon, 
we  find,  as  Brandes  and  l^mbert  have  proved,  that  this 
mode  of  determination  is  very  inaccurate.  At  the  moment 
after  the  sim  has  set,  the  observer  sees  very  clearly  the  anti- 
crepuscular  segment  in  the  cast ;  for  the  eye  is  less  dazzled 
by  light  coming  from  other  parts  of  the  sky.  When  the 
anti -crepuscular  segment  ascends  to  the  zenith,  all  the  sky 
situated  over  the  head  of  the  observer  is  illuminated  by  the 
light,  which  the  aerial  particles  reflect  from  west  to  cast, 
and  it  is  then  more  diflicult  to  recognise  its  limits  clearly. 
The  farther  the  sun  descends  below  the  horizon,  and  the 
more  the  light  is  limited  to  the  west,  the  more  also  does  the 
quantity  of  diffused  light  increase.  K,  therefore,  we  wish 
to  deduce  the  height  of  the  atmosphere  from  a  series  of 
measurements  of  this  kind,  we  shall  obtain  higher  values,  in 
proportion  as  the  sun  descends  below  the  horizon. 


CBEPUSCULAB  EATS.  415 

Barometric  and  thermometric  measurements  cannot  lead 
to  any  result ;  for  we  neither  know  the  laws  of  the  decrease 
of  temperature  at  a  great  height,  nor  the  nature  of  the 
aerial  particles,  subjected  at  the  same  time  to  a  feeble  pres- 
mre  and  a  very  great  degree  of  cold.  All,  therefore,  that 
bas  been  said  respecting  the  height  of  the  atmospheres  is 
stiU  subject  to  doubt ;  but  we  may  affirm  that,  at  between 
fifteen  and  twenty  kilometres  above  the  sur&ce  of  the 
earth,  the  density  of  the  atmosphere  is  almost  nothing 
(fride  Note  G). 

CRBFUSOUIULR  RAYS.— When  a  doud  intercepts 
the  light  of  a  part  of  the  atmosphere,  it  projects  a  shade 
that  c^scures  a  part  of  the  sky.  In  the  fine  days  of  sum- 
jner,  if  a  few  cumuli  are  floatii:^  in  the  sky,  we  may  follow 
tiie  shade  they  cast  to  a  great  £stanoe.  The  converse  phe- 
nomenon is  much  more  common.  Indeed,  when  a  great 
portion  of  the  sky  is  covered  with  douds,  especially  by 
cvrnxih-Mtratus,,  interrupted  by  light  spots,  then  the  sun 
Bhines  tiirough,  and  the  air,  the  vesicular  vapour,  dust, 
and  other  bcxiies,  floating  in  the  atmosphere,  seem  Td.y^ 
with  various  degrees  of  luminosity.  K  the  sun  is  not  very 
high  above  the  horizon,  these  rays  come  from  the  sun ;  ii^ 
oa  the  contrary,  it  is  about  to  set,  they  rise  in  the  atmo- 
•I^ere  under  the  form  of  arcs  of  great  circles,  which  would 
cat  each  other  in  a  point  situated  below  the  horizon,  and 
on  the  right  line,  thatioins  the  centre  of  the  sun  and  the 
eye  of  the  observer.  These  rays  are  parallel  to  each  other ; 
and  their  apparent  curvature,  as  well  as  their  divergence  in 
the  neighbourhood  of  the  zenith,  are  merely  a  consequence 
of  the  effects  of  perspective ;  the  more  distant  they  are  from 
Ufl,  the  less  does  their  deviation  seem,  because  the  visual 
angle  becomes  less  :  it  is  a  similar  illusion  to  that  which  we 
experience  in  an  avenue  bordered  by  two  parallel  rows  of 
trees,  which  yet  seem  to  approach  at  the  farther  end.* 

It  is  commonly  said  tnat  crepuscular  rays  announce 
Tain,  an  opinion  which  is  not  devoid  of  reason.  This  phe- 
nomenon occurs  for  the  most  part  when  the  sun  is  near  the 
horizon ;  but,  on  fine  days,  the  clouds  have  there  disap- 


•  Beaders,  who  aro  interested  in  this  subject,  will  And.  in  the  AnnaUt 
dt  Chimie  rt  de  Phvsiqtu,  t.  Ixx.  p.  133,  a  memoir  by  T.  NiCKn  dx  SAvaeuBB, 
In  which  this  philosopher  treats  in  detail  the  phenomena  of  crepuscular 
rays,  and  of  the  second  rose  colouring  of  the  snowy  peaks  of  Switzerland. 
Ks  explanation  of  crepuscular  rays  is  the  same  as  that  of  M.  Kaemtz  ;  but 
the  second  colouring  of  the  Alpe  appears  to  him  an  eflSsct  of  contrast.  Tlie 
white  peaks  of  the  Alps,  being  first  projected  on  an  illuminated  sky,  and  then 
on  the  shades  of  the  earth,  appear  to  be  again  coloured,  although  their 
whiteness  remains  the  same. — M. 
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Mured,  or  ave  imdj  to  &mffmt.   mmm  fSkt 
« loaded  with  vapooni  all  tiM  dnMMlni — '*^ 
dnce  thit  phcponiemiii  are  mnHed ;  iMtiin 
are  alto  great  cbuioes  of  xaiik    BatwM  tho 
ahoweri  geaenJly  fell  at  the  mwwt  i  ^  ' 
beat»  thia  pfacnomeiwn  lypeani  to  ha 
h^ktitodfiB. 

mBTRAonoH  or  amwcr.  —  A  IflKingh  Oe  aftr  hn 
only  a  feeble  inflnence  oiver  liriit,  yat  ohaei  i  attaaa  ondmy 
made  prove  that  a  ray  of  ngtt  doea  not  naA  mat  m 
^ritfaout  a  devktkn,  exeept  vhea  it  ooBBea  ftoaa  «  post 
aituated  at  onr  aenith,  or  finxn  «  temeHiM  ahieet  aft  tm 
aame  heig^  aa  the  eye;  beeanae  then  all  the  tSiekBaB  di 
atmospheric  atratom  that  ft  bAietaea  ii  oC  ""^^'""^  doiril^. 
ladlothereaaeatheraynrefrieMyaiidiiiaMihtt^ 
that,  if  we  imagfaie  the  diflbient  atnte  to  be  of  d 
den  wtiea,  the  raya,  in  paaring  from  a  leaa  dwa  into  m 
medinm,  npoach  a  perpeniaieolar  laiaed  on  the  xcA„_ 
aoT&oe.  lS^therefoire>a  ray  from  aatarreachf  n%il 
Terses  strata,  the  densities  of  which  eonlinne  incTCan|f ;  % 
approaches  the  vertical,  and  the  star  araeus  to  ns  higher 
above  the  horizon  than  it  aetoally  is.  This  displaeemeat  is 
greater  as  the  angle  of  height  is  less.  Rm  taadm  from 
we  aenith  do  not  undergo  any  deviation,  beeanae  toey  are 
perpendicular  to  all  the  separating  surfiioea  of  tibe  sMta. 
The  refraction  is  as  great  as  it  can  be  when  the  star  ii  ia 
the  plane  of  the  horiaon,  for  then  it  appears  elevated  if  ¥f 
i^ve  that  plane ;  in  like  manner,  when  the  ann  aets,  it  ii 
elevated  about  30',  and,  as  this  angle  is  equal  to  that  wineh 
its  apparent  diameter  subtends,  it  follows  that  in  reality  to 
upper  edge  is  already  tai^gent  to  the  horizon,  whoi  its  lower 
edge  apparently  touches  it. 

In  all  observations  on  the  height  of  stars,  refraction  mmt 
be  accounted  for;  and  astronomers  have  endeavoured  ta 
determine  exactly  the  value  of  this  angle  for  tiie  di£ferent 
heights  of  the  barometer  and  thermometer.  Thoe  is  often 
A  notable  difference  between  the  refraction  observcad  and  the 
refraction  calculated  fh>m  these  elements;  but  we  should 
not  forget  that  our  instruments  merely  indicate  the  denaty 
pf  the  air  at  the  surface  of  the  earth,  and  that  winds,  or 
other  causes,  may  modify  the  laws  of  decrease  of  densi^,  so 
that  it  may  be  ver}*  difreient  fhun  that  found  by  uialysis. 
These  exact  measures  of  astronomic  refraction  ^-ill  render 
creat  service  to  l^leteorology,  in  that  thev  will  throw  a 
bright  light  upon  the  more  or  less  rapid  decrease  of  tem-> 
pcrature. 
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ON   TBB  SOIMTZIAATION   OF  THB   STARS.— In 

oar  conntiiei  the  stars  do  not  always  appear  motionless  in 
their  place,  they  sometimes  seem  to  oscillate  around  the 
point  they  occupy  in  the  celestial  vault  At  the  same  time 
ttie  intensity  of  their  light  changes ;  it  increases  or  dimi- 
nishes by  very  short  intervals ;  sometimes,  also,  their  colour 
varies,  the  rra,  green,  and  blue  rays  in  turn  become  pre- 
dominant, especially  when  these  stars  approach  the  horizon. 
Tbin  scintillation  is  much  more  remarkable  in  the  lixed 
iters  than  in  the  planets;  which  latter  rarely  present  it. 
However,  when  the  scintillation  of  the  stars  is  very  great, 
the  planets  also  scintillate,  as  I  have  seen  Jupiter  do,  when 
Ktotttcd  near  the  horizon. 

The  scintillation  is  not  equally  vivid,  whatever  be  the 
position  occupied  by  the  star.  It  is  frequently  in  the  neigh- 
bonrhood  of  the  horizon  that  the  scintillation  is  the  greatest 
possible,  whilst  it  is  nothing  in  the  zenith;  nor  is  it  the 
same  under  all  circumstances.  Mnssclienbroeck  relates 
that  in  Holland  it  is  very  vivid  during  intense  cold  and 
with  a  dear  sky :  it  is  the  same  in  other  countries.  From 
my  own  observations,  it  is  veiy  marked  when  violent  winds 
prevail  in  Uie  atmosphere,  and  when  the  sky  is  alternately 
serene  and  cloudy. 

As  this  phenomenon  is,  for  the  most  part,  manifested 
when  aerial  currents  of  different  temperatures  are  moving 
one  over  the  other,  it  follows  that  its  mtensity  is  not  always 
the  same.  Between  the  tropics,  when  the  trade- wind  blows 
with  great  regularity  during  the  dry  season,  the  stars  scin- 
tillate, accorung  to  A£.  de  Humboldt,  near  the  horizon. 
Xa  Ckmdamine  confirms  this  testimony ;  but  he  adds  that, 
in  Peru,  this  scintillation  is  less  vivid  than  in  Europe.  In 
Persia  and  Arabia,  it  is  observed  in  winter ;  however,  it  is 
not  so  great  as  in  our  countries. 

The  cause  of  this  phenomenon  resides  in  the  unequal 
refraction  which  light  undergoes  in  strata  of  air  alternately 
colder  and  hotter :  Vltellio  nad  long  since  explained  it,  by 
movements  of  the  air,  but  Hooke  was  the  tirst  to  shew 
that  it  is  due  to  the  mixture  of  strata  of  air  unequally 
heated.  We  may  convince  ourselves  of  this,  adds  he,  by 
looking  beneath  a  piece  of  warm  ^lass  at  a  distant  object : 
the  latter  seems  to  change.  Indeed,  if  the  light  of  a  star,  S, 
pi.  y.  fig.  1,  reaches  the  upper  surface  of  the  atmosphere,  in 
the  dir^on  S  C,  it  is  refracted  in  its  passage  through  each 
of  the  strata  CC,  DH,  &c.,  and  the  ray  CDEF  reaches  the 
eye  of  the  observer  placed  at  £ ;  the  latter,  therefore,  sees 

t2 
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tbesUiin  the  direction  FE.  SuppOK  nofftimtlhestntnm 
of  airJ>E  is  suddenly  duplaccd,  and  renUccd  bj*  another  of 
difierent  Ui;nsity,  th«i  the  ray  C  D  will  not  be  rdmlcd  in 
DF,  but  iu  U 1,  and  will  not  resell  the  eyv ;  it  is  the  ny 
CHF  thai  arrives  there,  and  the  star  that  appeiired  to  be 
in  the  diroctiun  FD  is  fbuiid  ia  the  line  FU.  It  this  new 
jnasB  of  Hir  hiLi  no  great  volume,  or  if  its  t«iupemure  difFi^n 
bat  little  from  that  of  the  maee  which  it  rvplaccs,  then  the 
diapUc&intnt  a  He  infensity  of  the  lifcbt 

ue  not  very  l  intillote  less  than  stars, 

becatue,  as  the  <  as  poiuts,  the  least  di»- 

pUcemcnC,  wct^  Us  vrnuld  be  sensihle  to- 

our  eye.    The  uppurent  diameter  of  3ft 

or  40  seconds,  to  upprcciate  tlieir  ap- 

parent clmnge  r,  through  telescopes  «• 

ireqneiitty  see  e,  espcciully  if  ibey  an 

near  the  horixi  circumBtances,  the  tuat 

phenonienou  ia  rcumfercnce  of  the  limb 

of  the  sun.    ^\  e.  that  the  %bi  iniwinr 

tcom  stars  situ.  tan,  which  has  a   mnca 

longer  couret?  lu  .^l..<^»-.  .i.n.  jo  m  \\u\  meet  with  K 
milturo  ol'sirriU  (il'iiir  olintirL    .    uiIIl   r\.!i-il\    ihsli  thoa» 

do  that  !iiL  pliiLvd  :il".io  iln'  !■ 

Seintiliation  not  only  coneiaLs  in  the  displacement  ctftba 
star,  bat  also  in  changes  in  its  brilliancy  and  colour.  U. 
Araco  deduced  these  two  orders  of  phenomena  from  the 
interference  of  Inminona  rays.  Luminous  rays  that  fom 
t(»etber  a  small  angle,  and  cut  each  other,  may  be  mntuaUj 
r^uced  and  increased ;  under  certun  circnnuitanoea  they 
destroy  each  other,  and  this  fact,  which  is  inexplicable  if  we 
consider  light  as  a  material  emanation,  is  a  very  Nmple  con- 
sequence of  the  system  of  undulations,  and  even  the  beat 
proof  that  may  be  given  of  its  reality.  Throw  a  atone  into 
quiet  water,  tnere  will  be  formed  a  system  of  concentric 
circular  waves,  the  common  centre  of  which  will  be  the 
point  where  the  stone  fell.  Now,  throw  two  stones  at  the 
same  time,  at  a  certain  distance  from  each  other,  each  of  the 
systems  of  circular  waves  will  extend  as  if  it  were  isolated, 
and,  at  the  point  where  the  two  waves  meet,  thdr  fona  ia 
not  changed,  merely  their  height  ia  increased.  When  tbe 
hollow  interval  between  two  waves,  or  the  furrow  that 
separates  two  successive  waves,  meets  the  interval  of  two 
waves  of  the  other  system,  the  fiirrow  becomes  deeper ;  hut 
if  on  a  certain  point  the  wave  of  one  system  tends  to  raise 
the  water,  white  the  ware  of  the  other  ayitem  tends  to 
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lower  it,  these  two  opposite  movements  destroy  each  other, 
and  the  water  is  quiet,  or  much  less  agitated  than  if  there 
were  only  one  system  of  concentric  circles. 

The  system  of  undulations  teaches  us  that  the  intensity 
of  liffht  increases  when  the  luminous  particles  oscillate 
greatly  around  their  mean  position,  as  a  hell  or  a  chord 
resounds  more  powerfully  at  the  moment  when  they  are 
jnoved,  because  tneir  oscillations  are  then  greatest.  The  am- 
j^tnde  of  these  oscillations,  that  is  to  say,  the  deviations  of 
two  successive  waves,  are  not  the  same  for  the  different 
rays  of  the  spectrum;  as  in  the  different  tones  of  the 
miiaical  gamut,  one  of  them  makes  in  a  second  a  number  of 
oscillations  less  by  one-half  than  that  which  is  an  octave 
hij^her :  hence  it  follows  that  the  amplitude  of  the  oscil- 
latums  of  the  first  is  double  that  of  the  second.  Exact 
measurements  have  proved  that  the  deviation  of  two  waves 
Is  less  as  we  advance  from  the  red  toward  the  blue  end  of 
the  spectrum. 

TbeK  principles  being  established,  we  may  easily  deduce 
firom  them  the  changes  in  the  intensil^  and  colour  of  a  star. 
Among  the  rays  which  leave  it  simultaneously,  and  which 
are  differently  refracted,  a  great  number  unite  either  in  our 
eye,  or  in  their  course  through  the  atmosphere.  If  they  so 
meet  each  other  that  their  waves  are  united,  they  mutually 
reinforce  each  other ;  but,  if  a  wave  is  added  to  an  interval, 
then  they  weaken  or  destroy  each  other :  hence  the  alter- 
nate increase  and  decrease  of  light.  As,  in  the  atmospheric 
state  that  we  have  described,  the  refraction  changes  at  every 
moment,  the  rays  also  meet  and  reinforce  or  reduce  each 
other  every  instant.  As  the  light  that  comes  from  the  stars 
is  susceptible  of  decomposition  into  its  elementary  colours, 
like  that  coming  from  the  sun,  we  must  attribute  its  in- 
crease and  its  diminution  to  the  meeting  of  its  elementary 
rays.  It  may,  therefore,  happen  that  the  red  is  annihilated 
by  the  meeting  of  two  rays  of  this  colour,  whilst  the  blue 
becomes  more  intense :  the  star  will  then  appear  blue ;  a 
second  aflerwards,  the  contrary  may  occur,  and  the  star  will 
assume  a  red  tint. 

MIRAOXS. — Like  as  the  rays  that  come  from  the  stars 
are  refracted  so  that  they  appear  to  us  more  elevated,  so 
also  those  that  come  from  terrestrial  objects  undergo  an 
analogous  deviation.  This  consideration  is  of  the  highest 
importance  for  the  measurement  of  mountains  by  land- 
surveying.  It  is  only  when  the  object  is  in  the  zenith,  or 
in  the  same  horizontal  plane  as  our  eye  (supposing  the 
Stratum  containing  both  to  be  of  the  same  density),  that 
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Hhenuno nUndiioa:  tUi 
4m  Moonnt  of  the  wctiaa  of  th» 
with  which  it  k  in  oontMt 

Look  at  diitnt  dfcgeeli  dniBg  edm  nd  Mr 
•t  the  ihadow  projected  hvtneiODaeiidheehertBilyte 
eon*  yoa  will  tee  their  fbni  iwntJMMlly  iiiifllliM;  tfii 
effect  is  much  moie  mMJced,  if  we  look  Unom^  » tifawpe 
et  ohjeete  ntueted  in  the  horiaoB*  Vieiy  freqwnlitf  feecei 
ofthehoriaonaeemto  he  detnehedtiBi  toMft  in  the  lii; 
«iid  then  fidl  apin.  If  the  olQeet  ii  flMH,  ft  wll 
donhle  or  multiple:  thns  "ML  BM^  on  looUiv  iSbr 
tekioope  at  a  Terj  distant  lk^»  aaw  it  donhle^  the 
nnd  extended  innge  wae  pfaoed  iPcrtieaIN'  nbove  Ike  led 
li^t  An  instant  after,  inetead  of  two  H^m  he 
wnich  appeared  and  disappeared  al  vci^dar  laA 
lowest,  which  were  nearest  to  the  ml  fii|^ 
largest  and  most  hrilliant.  Sometimes  olpeeli 
the  middle  of  ft  pbin  appear  donhle,  I 
formed  above  and  heneatn  them:  this 
nnder  the  name  a£mir^g€^  on  the 
ii  called  Kimmutig. 

Let  O  (pi.  V.  fig.  4)  represent  the  e3re  of  the 
the  line  HH'  represents  the  horizon.  If  the  ra^  OH 
traversed  a  stratum  of  air  of  equal  density,  the  object  H 
would  be  seen  in  the  place  it  really  occupies;  bat,  if  the 
weather  is  calm,  and  the  earth  highw  heated,  the  tenmera» 
ture  diminishes  rapidly  fhmi  the  surnce  of  the  ground,  and 
the  change  of  density  m  the  lower  strata,  which  is  the  eon* 
eequence,  changes  the  refractions.  The  ray  H'G,  in  pasang 
at  C  from  a  hotter  into  a  colder,  and  consequently  a  denser 
stratum  of  air,  anproaches  the  vertical :  and,  as  this  effset 
takes  place  in  eacn  stratum,  it  follows  that  it  describes  tiie 
curve  U'CA,  and  does  not  reach  the  eye :  but  another  lower 
ray  describes  the  curve  HDO,  and  reaches  the  eye,  and,  the 
object  seen  at  U  appearing  inverted,  we  micht  imagine  thst 
it  IS  reflected  on  a  transparent  liquid.  The  illuaioa  is  the 
stronger,  as  the  rays  from  the  points  intermediate  between 
H  and  H'  do  not  reach  the  eye,  and  it  appears  as  if  there 
were  a  void  space  in  the  neighbourhood  of  the  invoted 
image ; — a  space,  which  we  are  the  more  tempted  to  regard 
as  water,  because  the  currents  of  air  that  mix  malce  the 
objects  tremble,  and  resemble  a  surface  agitated  by  wind. 
If  the  air  is  colder  at  the  surftce  of  the  sea,  or  of  nelds  of 
ice,  than  it  is  a  few  decimetres  above,  the  invited  image 
is  above  the  object ;  and  above  the  first  image  is  a  second 
that  }5  not  inverted,     vrouaston  points  out  a  yery  sunple 
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experiment,  by  which  this  phenomenon  is  realised :  a  cubical 
vessel  with  plane  sorfiioes  is  selected;  into  this  is  poured 
first  water  and  then  sulphuric  acid  by  means  of  a  funnel, 
the  extremity  of  which  touches  the  bottom.  When  the 
experiment  is  carefully  made,  the  sulphuric  add  occupies 
the  bottom  of  the  vessel,  but  its  strata  go  on  diminishing  in 
density  as  the^  approach  the  surface  of  the  water.  If  now 
we  puiee  belund  the  vessel  a  paper  covered  with  a  few 
letters,  and  the  eye  is  on  the  same  horizontal  line,  we  may 
see  the  object  directlv  and  by  refraction. 

The  mirage  for  the  most  part  occurs  in  extensive  plains, 
when  the  wither  is  calm,  and  the  ground  heated  by  the 
■un ;  the  plains  of  Asia  and  Africa  have  become  celebrated 
in  this  re^>ect :  thus,  during  the  expedition  of  Egypt,  the 
French  armjr  frequently  experienced  cruel  deceptions.  The 
ground  of  Higher  Egypt  forms  a  plain  perfectly  horizontal ; 
tbt  villi^^  are  situated  on  small  eminences,  in  the  morn- 
ing and  evening,  th^  appear  in  their  proper  ])laces,  and  at 
their  real  distance ;  but,  when  the  ground  is  highly  heated, 
the  country  resembles  a  lake,  and  the  \nllages  appear  built 
on  islands,  and  reflected  in  the  water.  As  we  approach,  the 
lake  disappears,  and  the  traveller,  devoured  by  thirst,  is 
deceived  m  his  hope.  This  phenomenon  is  so  common  in 
these  countries,  that  the  Koran  designates  every  thing 
deceitful  by  the  word  serabj  which  means  mirage.  It  says, 
for  example :  ^*  The  actions  of  the  incredulous  are  like  the 
serab  of  the  plain ;  lie  who  is  thirstj  takes  it  for  water,  and 
finds  it  to  be  nothing."  Although  it  is  more  common  in  the 
£a8t,  vet  the  mirage  exists  in  our  plains  much  more  fre- 

gnently  than  is  imagined,  expeciaily  when  we  bring  the 
ead  near  the  surface  of  the  ground :  I  have  observed  it  in 
the  neighbourhood  of  Halle,  in  the  country  of  Magdebourg, 
and  on  the  coasts  of  the  Baltic,  where  I  often  have  thought 
myself  in  the  midst  of  a  large  bed  of  water. 

If  the  ground  is  colder  than  the  air  in  contact  with  it, 
then  the  temperature  of  the  aerial  strata  rapidly  increases 
with  the  height,  and  we  not  only  see  above  the  object  its 
inverted  image,  but  the  visual  circle  of  the  spectator  is  sin- 
gularly augmented.  Scoresby  made  a  great  number  of 
observations  of  this  kind  in  the  seas  about  Greenland.  June 
19,  1822,  the  sun  was  very  hot,  and  the  coast  suddenly 
appeared  to  come  25  or  35  kilometres  nearer ;  the  different 
eminences  were  so  raised  that  they  were  seen  as  easily  from 
the  deck  of  the  ship  as  they  were  before  from  the  fore-top. 
The  ice  in  the  horizon  assumed  singular  forms,  the  larger 
blocks  seemed  columns ;  icebergs  and  fields  of  ice,  a  chain 
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of  nramatie  rockB;  aod^iiiiimj  pkew^  Ite  l» 
to  be  in  the  air  •;(  mne  iwiimtf  abifw  tlM  ~ 
that  were  in  Uie  neidibonrbood*  wmaamtd  the 
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whilst  the  forenil  appeared  fimr  tanci  Ingar  IliHi 
IB ;  the  top«il  appeared  shortened.  There  w«r  a] 
whii"«<^  apfi^rMiflM,  Above  the  topaaibwas  aaaaaA 
reaembUng  top-gallant-aafls  looae  from  the  bolt-npe;  ■ 
others,  the  topnu  aeemed  drnded  into  twoiiinaBinchaattt 
true  sail  was  ficmratedfirom  its  image  l^aaiDterTaL  Abom 
distent  ships,  tneir  own  imi^  was  aeeQ  iaweited  aai  b^^ 
nified;  in  some  eases,  it  was  very  h%^  above  the  sla^M 
then  it  was  always  smaller  than  the  ongmaL  TlieMigSiC 
a  ship,  that  was  itself  below  the  horiaoo,  mm  aeoi  te 
aereral  minntes ;  a  slup  was  even  soimoonted  by  twoiUp^ 
one  in  the  right  positioD,  the  other  inverted.  Somedq^ 
later,  Bcorealiy  mw  the  asme  appearances;  **The  i 
carious  phencmiencHi,'' said  he^^  was  to  see  tbeinvcrtid 
perfectly  distinct  imsge  of  a  ship,  that  mm  bdev  ov 
horison.  Wc  had  ob6er\-cd  similar  appeaianoea ;  but  the 
peculiarity  of  this  was  the  distinctness  of  the  image^  and  the 
great  distance  of  the  ship  it  represented.  Its  oouine  was  so 
well  marked,  that,  pn  looking  at  this  image  through  one  of 
]>olkmd's  telescopes,  I  distinguished  the  details  of  the 
ringing,  and  of  the  hull  of  the  vessel,  I  recognised  it  aa 
bemg  my  father^s  ship ;  and,  when  we  compared  our  log- 
boolu,  we  saw  that  we  were  then  55  kilometres  apert,  namely, 
31  kilometres  beyond  the  real  horizon,  and  many  myzia- 
metres  beyond  the  limit  of  distinct  vision;' 

There  is  a  mirage,  in  the  proper  acoeptetion  of  the  tena, 
when  we  see  below  the  object  its  inverted  image ;  and  then 
the  air  is  hotter  in  the  neighbourhood  of  the  ground  than 
at  a  certain  height  This  phenomenon  evidences  an  anormal 
state  of  the  atmosphere,  and  the  calm,  indispensable  for  its 
production,  is  often  troubled  by  ascending  currents  and 
violent  gales  of  wind :  so  that  several  observers  say  that  the 
mirage  is  the  precursor  of  a  tempest. 

CORONJE  AND  HAX.08  IN  GSNSRAIb — ^When  the 

light  coming  from  the  stars  falls  on  condensed  vapours  in 
the  vesicular  state,  or  on  icy  particles,  it  experienees 
different  modifications;  thence  follow  phenomena  known 
under  the  name  of  corotuB  and  halos  ;  generally  these  two 
words  are  used  to  designate  phenomena  that  are  very  dif- 
ferent in  their  aspect  and  their  origin.  AVhen  the  sky  is 
covered  with  light  clouds,  we  often  see  a  coloured  drele^  ia 
which  red  predominates,  surrounding  the  moon  or  the  sun; 
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its  diameter  oaly  comprises  a  few  degrees ;  at  other  times, 
Bcreral  concentric  rings  are  observed,  separated  by  intenrals, 
in  which  green  predominates :  we  shall  designate  these  rings 
by  the  name  of  corofus  (Lichtkranz  or  Kranz^  Germ.) ;  some 
authors  call  them  smaU  hcdos,  I  also  range  among  the 
corona}  that  phenomenon  in  which,  when  the  shadow  of  the 
obflerver  falls  on  a  cloud,  the  head  appears  surrounded  by  a 
(^>ry,  or  by  coloured  circles.  In  the  description  of  the  Riffif 
2be  ge<^;rapher  Keller  designates  this  phenomenon  by  tne 
name  of  NeheJbUd  (fog-image),  which  it  bears  on  the  Alps. 
On  the  Brocken  it  is  termed  the  spectre  of  the  Brocken 
{JBrockengespenst) ;  it  is  sometimes  called  glory ;  we  shall 
name  them  wniheUa  (  Gegensonne),  The  second  class  of  this 
phenomenon  constitutes  the  ?udos  pr(*ferly  so  called^  which 
mmy  be  named  large  halos ;  under  this  name  we  comprise 
the  great  circles  that  surround  the  sun  or  moon,  and  the 
diameter  of  which  comprises  nearly  44° :  they  are  attended  by 
cipdes  of  a  double  diameter,  by  parhelia  (Nebensonnen),  and 
by  other  circles.  These  two  classes  of  phenomena  have  a 
yery  different  origin,  the  former  are  formed  in  vesicular 
yapoiirs,  the  others  in  crystals  of  ice. 

or  CORONiE. — When  light  clouds  pass  before  the  sun 
and  weaken  its  ravs,  the  corona  is  more  or  less  regular. 
Ab  we  are  generally  too  much  dazzled  by  the  rays  of  the 
sun  to  distinguish  the  colour  surrounding  the  disc,  the  phe- 
nomenon is  more  frequently  noticed  round  the  moon;  in 
Oirder  to  examine  it  round  the  sun,  we  should  use  a  mirror 
blackened  on  one  of  its  surfaces:  the  reflection  then  so 
reduces  the  brilliancy  of  the  rays,  that  we  can  study  the 
colours  surrounding  the  sun. 

All  clouds  that  arc  not  too  thick  to  prevent  the  light 
passing  through,  the  cirrus  and  the  cirro-stratus  excepted, 
present  traces  of  coronas :  but  the  brilliancy  of  the  colour  is 
not  always  the  same.  I  have  never  seen  them  so  beautiful 
fogs  that  arc  formed  during  the  ni^ht  in  the  valleys,  and 

about  mid-^lay  to  the  summit  of  tne  mountains.  When 
fragments  of  clouds  passed  between  myself  and  the  sun,  then 
the  colour  had  a  brilliancy  such  as  I  had  rarely  seen ;  they 
are  no  less  beautiful  on  the  cirro'CumuLus^  especially  when 
they  are  in  small  masses  of  a  dazzling  white,  and  the  edges 
of  which  are  so  confounded  that  we  can  scarcely  trace  out 
their  outline  on  the  sky.  Clouds  of  the  same  form,  the 
edges  of  which  are  more  jogged,  and  which  I  class  among 
the  cumido'stratusy  only  give  rise  to  incomplete  coronas :  we 
frequently  see  in  them  a  red  of  an  undecided  tint  and  badly 
denned.    In  true  cvmtdus,  the  mass  of  vesicles  is  often  so 
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great,  that  light  camiot  travene  tfaem  in  snfidsnt  qnwlilj 
to  produce  the  phenomenon ;  but  we  often  ne  the  eoloon 
in  the  slight  flakei  that  are  detached  from  the  principal 
cloud  and  approach  the  son :  thk  phenomenon,  tiMndbte,  m 
hj  no  means  rare,  ibr  it  may  be  obeerred  eToy  time  tbat 
light  clouds  pass  befivre  the  son. 

If  the  corona  is  oompleCe,  seyeral  conoentric  drdai  an 
obserred.  Near  the  son  tbey  ue  of  a  deep  Une^  tiie  aBeood 
circle  is  white,  and  the  third  red,  which  terminalei  tliefint 
series ;  in  the  second  we  eee,  still  going  in  the  direction  from 
the  centre  to  the  drcninference,  pnnle,  Une,  grcen.  nab 
yellow,  and  red;  the  Mries  is  nurely  tnnc  compl^  Mom 
frequently  we  observe  near  the  8n1^  bine  miii^g^  with 
white,  then  a  red  eirde  clearly  limited  within,  bni  eon- 
founded  without  with  the  others.  If  a  seoood  xed  chnda 
exists  outside  this,  then  green  is  obsenred  itt.the  intenral,  \j 
which  they  are  sepamtea  The  distance  of  this  dnle  from 
the  centre  of  the  son  Ttries  aoeonting  to  the  state  of  Aa 
clouds  and  the  atmorahere ;  I  have  found  it  from  1^  to  4^ 

According  to  the  ndthftd  resetzches  ofripa!— Iwisi^  these 
corona;  are  due  to  modifications  of  li^hty  known  bv  the 
name  of  diffraction ;  and  although  it  u  impossible  ror  no 
thoroughly  to  analyse  the  laws  of  the  phenomenon,  without 
having  recourse  to  mathematics,  I  will  yet  cndeavoor  to 
explain  them  as  clearly  as  possible. 

Let  us  look  through  a  slit  made  with  a  penknife  in  a 
very  firm  sheet  of  paper  at  a  luminous  point,  such  as  the 
image  of  the  sun,  or  that  of  a  distant  taper  reflected  by  a 
blackened  watch-glass,  or  the  bulb  of  a  thermometer,  we 
shall  see,  on  both  sides  of  tlie  luminous  point,  a  series  of 
coloured  images.  If,  instead  of  white  li^ht,  we  had  ope- 
rated on  a  coloured  ray,  such  as  that  obtained  by  making  it 
pass  through  coloured  glass,  we  shall  obtain  a  series  of 
objects,  separated  by  dark  intervals;  but,  all  things  else 
being  equal,  the  deviation  of  the  red  will  be  less  than  that 
of  the  blue  rays.  This  phenomenon  is  due  to  the  waves 
continuing  their  course  through  the  slit ;  but  the  edses  of  the 
latter  become  the  point  of  departure  for  fresh  undulations, 
which  act  by  interference,  eiuier  upon  each  other  or  upon 
the  direct  waves ;  so  that,  in  certain  points,  there  is  dark- 
ness, in  others,  an  increase  of  light ;  hence  follows  the  alter- 
nation of  light  parts  and  dark  bands.  The  distance  of  these 
images  from  the  luminous  point  depends  on  the  length  of 
tlie  wave  of  light  employed.  I^t  us  take  a  white  light,  the 
dark  band  of  the  red  ray  will  fall  where  two  blue  rays  are 
added  together :  this  point,  therefore,  will  appear  blue.   The 
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exact  calculation  of  the  position  of  each  of  these  isolated 
colours  gives  intervals  that  perfectly  accord  with  experiment. 

The  phenomena  are  still  more  remarkable,  if,  instead  of 
a  single  slit,  we  consider  several  of  equal  size  and  equi- 
distant ;  the  effect  of  each  is  augmented  by  the  others.  Trace 
with  a  diamond  on  a  plate  of  fflass  several  equidistant  lines, 
and  then  look  througn  it  at  the  flame  of  a  candle :  you  will 
Bee  around  the  flame  coloured  rays,  the  direction  of  which  is 
perpendicular  to  that  of  the  scratches.  If  a  series  of  lines 
iad  been  traced  perpendicular  to  the  former,  two  systems  of 
images  would  have  been  obtained,  crossing  each  other  at 
right  angles ;  these  effects  may  be  seen,  although  somewhat 
imperfectly,  by  looking  through  a  piece  of  very  thin  muslin. 
If  the  transparent  parts  were  not,  as  in  this  case,  in  parallel 
■eries,  but  arranged  arbitrarily  in  space,  although  grouped 
Bymmetrically  round  a  point,  the  image  would  lorm  circles, 
of  which  the  centre  would  be  the  luminous  point :  this  is 
what  rnranhofer  saw  on  looking  at  a  distant  luminous 
point  through  a  great  number  of  thin  films,  or  small  glass 
valla  placed  between  plates  of  the  same  substance.  The 
luminous  point,  when  examined  through  this  apparatus,  was 
surrounded  with  coloured  rings :  it  may  be  seen,  but  not  so 
well,  by  dimming  a  class  with  the  breath,  and  looking 
llux>ugh  at  a  distant  lignt ;  as  the  different  parts  of  the  plate 
bare  different  transparency  and  refracting  properties,  a 
multitude  of  systems  of  waves  result,  which  act  on  each 
other  by  interference,  and  thus  produce  the  different  colours. 
When  windows  have  not  been  cleaned  for  a  long  time^  a 
slight  film  of  dust  and  smoke  is  formed  on  their  surface ; 
and,  as  these  opaque  particles  are  rarely  of  the  same  thick- 
ness, the  flame  of  a  taper,  when  examined  through  this 
fflass  will  be  surrounded  by  a  coloured  corona,  which  will 
be  circular,  because  the  particles  that  impart  the  light  are 
arranged  symmetrically  around  an  ideal  line  joining  the 
light  and  the  eye.  The  phenomenon  is  produced  vritn  re- 
flected as  well  as  with  direct  light.  Had  we,  in  the  latter 
case,  examined  the  image  of  the  flame  of  a  taper  reflected  by 
a  plate  of  glass  dimmed  with  the  breath,  we  snould  also  have 
aeen  around  it  a  circular  corona,  in  the  same  manner  as  we 
see  on  scratched  glass  coloured  bands  on  both  sides  of  the 
reflected  image.  The  deviation  of  the  image  depends  here, 
as  in  the  preceding  cases,  on  the  deviation  of  the  rays. 

If  the  vesicles  of  fog  are  not  too  numerous,  and  are  of 
equal  diameter,  then  they  act  upon  the  light  of  the  sun  in 
the  same  manner  as  the  smoke  on  a  plate  of  glass  does ;  the 
sun  is  surrounded  by  a  luminous  circle,  the  diameter  of 
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which  depends  on  that  of  the  yesicles.  Then  two  uei  are 
so  intimately  connected,  that  the  measore  of  the  diameter  of 
the  corona  is  the  best  means  for  knowing  that  of  the  ymtdea 
of  fog ;  and  it  is  the  means  that  is  emnlojred  in  ovder  to 
obtain  the  numben  given  in  p.  111.  Ifthe  Teaielea  of  ¥»« 
pour  in  the  atmosphere  have  not  the  same  siae,  then,  aeoord- 
ing  to  the  lavrs  of  diffiraction  we  sludl  not  obtain  Inminoiw 
corona;,  but  merely  a  Inminons  aureola. 

Whoever  has  stndled  these  phenomena  is  oonrineed  of 
their  variability.  Let  it  suffice  .to  allude  to  the  rainbow 
colour  of  clouds.  When  white  douds,  the  edges  of  which  ara 
parallel  to  the  horizon,  and  which  have  the  form  of  ejrro- 
cumtdtts^  are  in  the  neighbourhood  of  the  sun,  we  ohservc^ 
by  means  of  a  blackened  mirror,  vivid  nrionatio  eoknin 
under  the  form  of  parallel  fHngea  at  the  eofle  of  the  dondt 
and  often  at  ten  opgrees  disiSnce  fnm  the  son.  Tbiam 
fringes  are  generally  green  within,  and  bordered  iv  two  zed 
lines,  they  are  r^guEurly  distributed  in  the  doud,  and  at 
different  distances  from  the  sun.  The  Teaelea  bare  pro* 
bably,  at  certain  points,  yery  unequal  dimenakini,  wmdh 
destroy  the  symmetxy  of  the  circle,  and  foretell  appraaching 
rain. 

ANTHBLIA. — ^If  the  sun  is  near  the  horizon,  and  the 
shadow  of  the  observer  falls  on  grass,  or  a  field  of  com,  or 
any  other  surface  covered  with  dew,  then  he  observes  a 

flow,  the  li^ht  of  which  is  vivid,  especially  near  his  head, 
ut  which  duninishes  from  this  centre.  This  Ught  is  due  to 
the  reflection  of  light  bv  the  moist  stubble  and  drops  of  dew; 
it  is  more  vivid  around  the  head,  because  the  stubble,  situ- 
ated in  the  neighbourhood  of  the  shadow  of  the  head,  shew 
to  it  all  their  iUuminatcd  portion,  whilst  those  that  are  more 
distant  shew  to  it  parts  that  are  illuminated  and  others  that 
are  not,  which  diminishes  their  brilliancy  in  proportion  to 
the  diameter  of  the  head.  As  the  stubble  has  a  cylindrical 
form,  it  follows  that  the  glory  is  a  little  elongated  in  the 
vertical  direction. 

The  anthelia  seen  by  Bonsmer  in  the  Cordilleras,  and 
since  by  several  travellers  in  other  countries,  is  always  ex- 
perienced in  this  manner.  Bcoresby  has,  however,  described 
It  in  detail ;  according  to  his  observations,  the  phenomenon 
is  seen  in  the  polar  regions  every  time  that  there  is  fog  and 
sunshine  simultaneously.  I  have  verified  this  fact  on  the 
Alps.  As  soon  as  my  shadow  was  projected  on  a  cloud,  my 
head  appeared  surrounded  by  a  luminous  glory.  In  the 
polar  seas,  when  the  stratum  of  fog  Uiat  is  not  very  thick  is 
resting  on  the  sea,  and  rises  to  the  height  of  90  or  100 
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metres,  an  observer  placed  on  the  foremast,  twentj-fire  or 
thirty  metres  above  the  sea,  perceives  one  or  several  circles 
on  the  fog.  These  circles  arc  concentric ;  and  their  common 
centre  is  on  the  straight  line  vhich  goes  from  the  eye  of  the 
observer  to  the  fog  on  the  side  opposite  to  that  where  the 
fan  is.  The  number  of  the  circles  varies  from  one  to  five ; 
titkey  are  generally  numerous  and  well  coloured  when  the 
■on  is  very  brilliant  or  the  fog  thick  and  low.  On  July  23d, 
1821,  Beoresby  saw  four  concentric  circles  around  his  nead : 
the  first  was  white,  yellow,  red,  and  purple;  the  second 
hloe,  green,  yellow,  red,  and  purple;  the  third,  green, 
whitish,  yellowish,  red,  and  purple;  the  fourth,  greenish, 
white,  and  deeper  on  the  edges.  The  colours  of  the  first 
ttid  second  are  very  vivid ;  those  of  the  third,  only  visible 
at  intervals,  were  very  faint ;  and  the  fourth  presented  only 
ft  slight  tinge  of  green.  The  semi-diameters  of  these  circles 
were  of  the  following  lengths : — semi-diuneters  of  No.  4, 
intemal  edge,  36^  50\  external  edge,  41°  to  42°;  semi- 
diameter  of  No.  3,  6°  30';  semi-diameter  of  No.  2,  4°  45' ; 
of  No.  1,  1°  45'.  The  circle,  No.  4,  to  which  BcorMby 
assigned  a  diameter  of  about  40°,  appeared  to  be  very  un- 
common ;  however,  I  have  never  seen  it  more  than  two  or 
three  times  in  the  Alps,  perhaps  because  the  clouds  were  too 
■mall.  We  must  consider  it  as  a  rainbow  formed  in  the 
■maU  drops,  so  that  I  need  not  in  the  present  place  dwell  on 
it  at  greater  length.* 

Bovauer  thought  that  the  phenomenon  of  the  anthelia  was 
due  to  the  passage  of  light  through  frozen  particles.  This 
is  likewise  the  opinion  of  M.  do  Saussiire  and  Bcoresby  $ 
bat  Bamond  mentions  that  he  has  seen  it  in  the  Pyrenees,  at 

•  The  anthor  seems  to  admit  here  that  the  greenish  white  circle,  or 
ScoiESBT's  circle.  No.  4,  is  an  ordinary  rainbow,  i^pearing  white,  because  its 
edloars  are  rery  |tale ;  but  it  Is  difficult  to  be  of  this  opinion,  if  we  regard  the 
mesumrements  that  have  been  made  of  this  arc.  The  olMervations  of  Boc- 
«im  and  Ulloa,  in  Peru,  Rive  33*^  30'  as  the  radius ;  that  of  ScomiSBT,  3K**  5(K ; 
the  mean  of  the  two  observations  of  M.  Kaemtz,  39*  4^' ;  M.  Bsatad  found 
45*  as  a  measurement  made  at  Bell  Sound  (Spitsbergen),  and  38*  54' from 
the  mean  of  five  measurements  made  on  the  FMilhom  in  1841 .  The  general 
mean  of  these  fire  numbers  is  37*  12'.  This  angle  is  rery  different  from  the 
ande  41*  30^,  whicli  represents  the  mean  radius  of  the  ordinary  rainbow,  in 
craer  that  this  circle  may  be  considered  a  Tertical  rainbow. 

ScoassBT  remarked,  that  this  circle  presented  a  slight  greenish  tinge.  In 
ttie  three  appearances  that  occurred  to  M.  Bravais,  he  never  saw  any  thing 
like  this :  but  once  only  ho  thought  he  distinguished  a  very  feeble  reddish 
ttnt  in  the  exterior  part  of  the  circle. 

The  cause  of  this  phenomenon  is  not  yet  well  understood.  Is  the  cloud 
on  which  it  is  produced  formed  of  liquid  water,  or  of  frozen  particles  ?  The 
ftrmer  of  these  two  opinions  is  the  more  probable.  It  is  remarkable,  that 
this  cloud  is  more  frequently  situated  very  near  the  obsenrer,  and  sometimes 
at  a  few  metres  distance.  The  circle  to  which  we  here  alluded  sometimes 
the  name  of  the  cireic  qf  VUoa  or  the  white  rainbote. — M. 
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temperatures  during  which  we  could  not  floppoie  that  there 
were  frozen  particles  in  the  sir;  he  reverts,  at  the  Mine  tinie^ 
to  an  observation  made  by  M.  Oneltaa  d'HaUoir,  Auipsk 
27th,  1807,  in  the  neigfabourhoodof  Spe.  M/ownobKmtioiis 
in  the  Alps  confirm  this  opinion^  for  I  have  frequently  had 
a  temperature  of  10°  in  the  newhboorhood  of  the  fiig.  The 
M'holc  of  the  phencmienon  may  £e  deduced,  as  li.  nwaaluiftr 
has  vcr^  well  shewn,  from  the  diffkactum  of  luht.  This 
theory  is  confirmed  by  the  obeervations  in  whidi  I  fint  saw 
a  corona,  when  the  cloud  was  between  myself  and  the  ami, 
and  then  an  anthdia  when  it  was  in  a  diiectioa  opposite  to 
that  of  the  sun.  The  light  is  reflected  more  powenbllj  ns 
the  neighbourhood  of  the  head  by  the  Tesldes  of  ftg  as  by 
blades  of  grass,  for  we  then  receive  the  l^t  sent  to  va  w 
the  posterior  and  anterior  fiuies :  thns,  tberefore,  the  birii* 
liancy  of  the  light  must  go  on  deereasing  fhson  this  eentn* 
When  these  rdected  rays,  before  xtmaang  the  ejc^  pas 
through  other  Yesides,they  are  then  difflractfid,ani  ooloaied 
rings  are  produced. 

HAiK>8. — ^These  optical  phenomena  are  so  comnlieated 
that  it  is  even  a  difficult  task  to  desdibe  them;  kw  ob- 
servers have  seen  them  completely ;  and  even  during  the 
observation  their  appearances  often  change.  I  will  here 
relate  the  description  given  by  Lowitm  of  the  one  he  oh* 
served  at  St.  Petersburg,  June  29th,  1790.  For  a  long  time 
we  had  no  other  exact  description ;  but,  on  the  12th  of  May, 
J  821,  Hoir  and  Kri«s,  at  Gotha,  described  a  second  very 
complete  one;  and  March  27th,  1826,  Bchnlt,  Haastoeii, 
and  Besrelke,  saw  similar  phenomena  in  Norway. 

At  St.  Petersburg,  the  air  was  loaded  with  hue,  and  the 
phenomena  lasted  from  7  hours  30  minutes  a.m.  until  12 
hours  30  minutes,  though  it  has  not  at  all  periods  the  same 
intensity.  The  following  are  the  principal  facts  (ul.  y. 
fig.  3)  :— 

1st.  A  ring,  22°  in  diameter,  the  centre  of  which  was 
occupied  by  the  sun  a ;  it  was  coloured  red  within,  and  of  a 
pale  blue  on  the  exterior.  It  is  generally  a  single  circle. 
XK>witm  saw,  in  place  of  it,  two  circles  cdbe^  which  cut  each 
other  above  ana  below ;  in  Norwipr,  three  have  been  seen. 
According  to  JEpinoa,  who  considered  these  circles  to  be 
ellipses,  tncj^  would  be  very  common. 

2d.  A  cu-cle  z  z  z,of  which  the  sun  is  the  centre,  and 
which  is  also  coloured.  In  general,  it  presents  more  de- 
cided colours  than  the  former ;  its  diameter  is  about  double. 

3d.  An  horizontal  white  circle  a  b  z  ff  h  f  c,  passing 
through  the  suu,  and  taking  the  course  of  the  horiaon. 
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4th.  There  were  on  this  circle  five  parhelia,  two  of 
them,  z  and  y,  a  little  beyond  the  small  circle ;  they  are 
generally  found  at  the  point  of  intersection  of  this  vertical 
circle  with  the  horizontal.  They  appeared  coloured,  and 
their  red  side  was  turned  toward  the  sun ;  they  had  bril- 
Iknt  elongations,  that  extended  in  the  direction  xz  and  yz 
on  the  horizontal  circle;  the  coloured  arcs,  tci  and  yK, 
that  came  from  them,  have  never  been  seen  again  by  any 
one. 

5th.  The  third  parhelion  h  was  placed  on  the  lar^e 
horizontal  circle,  opposite  to  the  sun :  it  was  of  a  pale 
white. 

6th.  The  fourth  and  fifth  parhelia,  /  and  g^  were,  in 
manner,  white :  all  observers  agree  on  this  point.    They 

seen  more  rarely ;  they  appear  to  exist  at  the  points  of 
intersection  of  a  circle  with  a  radius  of  about  90°  (of  which 
the  sun  is  the  centre),  with  the  horizontal  circle. 

7th.  Above,  at  d  the  interior  circle  shone  with  so  much 
brilliancy,  that  the  eye  could  scarcely  support  it.  Verti- 
cally above  the  sun,  the  interior  circle  is  dso  more  lumi- 
nous ;  and  a  convex  arc  is  frequently  observed  in  it  towards 
thesnn. 

8th.  XK»witm  saw  a  similar  arc  in  r  e  f^  at  the  lower 
mrt  of  this  circle ;  it  was  very  larse  and  extremely  bril- 
nant,  but  of  a  semi-diameter  less  than  that  of  each  of  the 
others. 

9th.  At  the  culminating  point  z,  of  the  great  vertical 
drelcy  he  saw  the  arc  />  2:  ^,  which  was  convex  toward  the 
sun ;  it  was  as  brightly  coloured  as  the  circle  z  z  z.  It  is 
always  placed  vertically  above  the  sun,  and  at  the  same 
distance  as  the  circumference  z  zz, 

10th.  Lowits  saw  also  two  arcs  hi  a  and  A  m  a,  which 
passed  through  the  parhelion  h ;  and  which  he  has  drawn 
as  passing  also  through  </,  the  culminating  point  of  the  in- 
tenor  dme ;  they  were  white,  and  so  pale,  that  many  per- 
sons could  not  custinguish  them.  Lowits  says  that  they 
cut  each  other  in  the  brilliant  region  near  d ;  but,  as  Scbtat 
makes  them  pass  through  the  sun,  Bra&d«s  thinks  that 
that  body  is  their  true  point  of  intersection,  but  that  there 
18  a  difficulty  in  followmg  them  so  far.  These  two  arcs  are 
rarely  seen;  nevertheless,  other  observers  have  pointed 
them  out,  and  say  that  they  cut  each  other  at  an  angle 
of  60°. 

11th.  Finally,  ZiowltB  saw  two  other  circles,  //'  and  rr', 
tangents  to  the  great  vertical  circle ;  their  tangental  points 
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00  were  distant  abont  60° ;  their  sue  and  ookmring  were 
those  of  the  rainbow :  they  are  also  yery  rare.* 

Lunar  and  sohir  haloa  are  more  common  than  we  an 
apt  to  imagine ;  there  is  often  a  doubt  in  the  public  news* 
papers,  where  observers  describe  them  as  rambows.  We 
shall  see  presently  that  the  origin  of  the  rambow  and  hi 
position  relative  to  the  sun  are  very  different  firam  that  of 
bales,  llalos,  indeed,  generally  exist  between  the  obserfcr 
and  the  sun ;  the  rainoow,  on  the  contrary,  is  formed  in 
the  part  of  the  heavens  opposite  to  the  sun,  to  which  latter 

»  The  plate  in  the  frontliidece  reprewnti  a  toUr  balo  obMrred  at  Mm 
In  Sweden,  by  M.  Baavaib  and  mnieU;  4tlk  Oetobar,  1838.  AKhrwih  tUi 
halo  was  far  from  beta^  10  oompwte  ai  that  givtn  by  tiia  aatho^fpL  t. 


fiK*  3),  it  yet  produces  the  ^n^eaiancM  that  ara  lev  rarelj  i 
arrangement  of  colours,  proper  to  the  dlffermt  parts  of  the  phenodNiiaii. 

The  height  of  the  Mm,  diirli»  the  observaaon,  Tarled  from  IS^toSO^t 
but,  not  to  increase  the  ^iw  of  the  flgare  too  madit  this  ImIi^  haa 
considerably  dlniinished  in  the  drawk^. 

The  projection  of  the  phenomenon  Is  made  on  a  vertical  abovie, 
diciilar  to  the  vertical  plane  containing  the  son  and  the  obaerwr; 
circuniBtancc  explains  why  the  diffBreni  drdsa  pretant  eUlptloal  or 
tended  hyperbolic  forms. 

Tlio  arc  tangent  to  the  halo  of  47*,  tke  eirem»neuitkaS  cifc'i  aal  mrc, ' 
Tery  brilliant  during  our  obterration ;  and  the  diftrent  tinia  of  the 
spectra  were  as  distinctly  crident  as  in  an  ordinaxy  rainbow.  This  ai« 
extended  considerably  either  to  the  right  or  left.  On  ideally  Jfrfning  ita 
two  extremities  with  the  zenith  of  the  place,  a  section  of  about  90^  was 
formed ;  it  was  tlie  azimuihai  auiplitude  of  this  arc.  Moreover,  it  appeared 
horizontal  to  the  eye. 

This  result  is  conformably  to  the  theory  of  these  circnmzenithal  arcs 
(^BcrUhntngabogen),  given  by  M.  Galle  in  PoGCEXDoarr's  Anmaks,  X,  zUz. 
pp.  2G 1-272. 

We  observed  that  tlie  two  parhelia  opiKtsltc  to  the  sun  were  placed  a 
little  beyond  tlio  ordinary  halo,  which  accords  with  the  theoretical  explana- 
tion given  by  mcteorolo^iiits. 

Tlie  phenomenon  lasted  from  U  a.m.  till  3  p.m. 

About  two  o'clock,  I  observed  on  the  horizontal  circle  two  new  parhelia, 
situated  about  Ab'^  from  the  sun.  They  were  visible  for  only  a  few  nHnnents 
on  a  group  of  white  cttntulust  and  disappeared  with  the  arrangement  of 
clouds  by  which  they  had  been  rendered  visible. 

The  plate  on  the  frontispiece,  beginning  from  above  downwards,  repre* 
sents : — 

1  St.  The  external  circumzcnithal  arc,  presenting  the  tints  of  the  spec- 
trum ;  it  corresponds  with  the  arc  /»  s  7  (pi.  v.  flg.  3). 

2d.  The  extraordinary  halo,  or  exterior  vertical  circle  of  47*,  correspond- 
ing to  the  arc  :  :  s. 

3d.  An  arc  tani^cnt  to  the  ordinary  halo,  or  interior  circle,  which  in 
fig.  3  would  be  tangent  at  d. 

4th.  The  oniinary  hahi,  or  interior  vortical  circle,  of  22*  radios,  replaced 
in  flp.  3,  by  two  circumferences,  dec  and  d  b  <*',  cutting  each  other  at d 
and  I*. 

5th.  The  sun  placed  in  the  centre  of  the  ordinary  halo,  and  sappoeed  aft 
a  in  fig.  3. 

Gtli.  The  horizontal  or  parhelic  circle,  passing  through  the  sun,  and  oor- 
responding  to  the  circle  a  s/A  /?  z  a  of  fig.  3. 

7tli.  Tlic  two  parhelia  placed  a  little  beyond  the  point  of  intersection  of 
the  ordinary  halo,  and  the  horizontal  circle,  correi^nding  to  the  point 
.r  and  y  of  fig.  u.->M. 
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the  obseirer  tunu  his  back.  Frequently  there  are  but 
portions  of  the  halo,  which  can  only  be  seen  b^  the  assist- 
ance of  a  blackened  mirror,  and  not  by  looking  at  them 
dlKctly. 

Lunar  halos  are  visible  when  the  stars  are  not  very 
brilUant ;  during  the  day,  the  sky  has  a  dull  appearance, 
and  the  horizon  is  white.  The  appearance  of  the  sky  is, 
therefore,  that  which  accompanies  coronse.  The  arrange- 
ment of  clouds  is  not  the  same  in  the  two  cases.  The 
coronas  occur  in  the  middle  of  cumulus^  halos  in  cirrus; 
there  are  not  any  clouds  that  do  not  present  traces  of  them ; 
and,  although  the  opinions  of  different  observers  are  at 
TBxiance,  every  thing  I  have  seen  convinces  me  of  the 
correctness  of  my  own. 

Some  authors  insist  that  they  have  seen  halos  and  coronas 
at  the  same  time  round  the  sun  or  the  moon ;  but,  from  my 
own  observations,  this  coexistence  is  very  rare,  and  then 
even,  on  taking  all  circumstances  into  the  account,  we  find 
that  coionse  are  found  in  cumulus,  floating  in  the  lower 
regions  of  the  atmosphere,  and  which  are  frequently  so 
attenuated,  that  they  cannot  be  seen  without  looking  at  the 
aky  with  much  attention :  thus^  therefore,  these  two  phe- 
nomena arc  distinct.  Moreover,  in  coronsc,  the  red  is  more 
distant  from  the  sun  than  the  blue ;  the  contrary  is  the  case 
nith  halos:  we  are  forced  to  conclude  that  halos  are  an 
effect  of  refraction.  Mariotte  had  admitted  that  light  is 
redacted  in  small  crystals  of  snow;  all  the  observations, 
made  since  his  time,  have  given  the  highest  degree  of  pro- 
bability to  this  opinion,  ^ot  only  are  the  dimensions  of 
lialos  precisely  those  given  by  calculation  on  this  hypothesis, 
Init  we  may  in  winter  convince  ourselves  directly  of  this. 
In  this  season,  when  small  transparent  crystals  are  floating 
in  the  atmosphere,  they  frequently  appear  tinted  with  pris- 
matic colours ;  if  their  distance  from  the  sun  is  measured, 
lire  find  that  it  is  the  same  as  that  of  the  halos.  As  all 
mathematical  considerations  are  excluded  from  this  work,  I 
must  refer  to  my  Treatise  on  Meteorology,  ^ 

Braades,  who  made  the  most  assiduous  researches  on 
lialos,  and  in  which  he  developes  the  ideas  of  Ventori  and 
T^ranahofer,  divides  the  circles,  that  he  has  seen  during  a 
halo,  into  three  categories :  1st,  the  circles  of  which  the  sun 
occupies  the  centre ;  2d,  circles,  that  pass  through  the  sun ; 
3d,  and  tangent  to  the  circles  of  the  first  class. 

OIRCIaES,  OF  IVHICH  THE  8VN  OCCVPIE8  THE 

CENTRE. — Let  US  begin  by  studying  the  circles  of  the 
first  class.    When  a  ray  of  the  sun  is  refracted  by  an  im- 


movftble  prism,  the  iaddeirt  nid  tbe  nfrHled  imauks 
ttwetber  an  angle  depOKliiig  on  the  rotwfiacB,  on  tM  Hil^ 
ofthe  priffln,  ud  alio  on  tut  mider  wUA  tM  it^  h  {■>»: 
dent;  if  tbe  angle  <tfin(ideixeTarin,thit  at  Aa  r^ — ^-* 


with  .n.     HoVCTBTi  CUBOMtiBV  9BA  tUHUMBBnt 

t  there  ii  «  poriHon  of  the  prininiAidi  tbs 
angle  of  ineidenee  11117  v"*?  i^tlumt  tM  Jlrwtioa  flf  fk* 
retracted  ra^  being  eeiMUf  dunged.  Tike  %^am  ja^^ 
and  present  it  to  UkeinddeBtimj.rf  Anas  in  aaehtiMB- 


prore,  that  there  ii  «  poritlan  of  the  nrian 

,    .... J~^r:n^.^^^^ 

.   lUe 
identrn.ef  Aieanin  aaehtiMB- 

it  the  re&acted  nj  ienim  M  madt  m  paaOde  ttmn. 
tbe  incident  r^;  tom  tbe  iplan  dowlj  raond  ili  nzli^ 
measuring  the  angle  of  nmao:  flie  diiectiaB  of  the  n> 
ftacted  ray  continiui  to  incnen  in  derktiuM  fton  lint  e( 
the  incident  nj,  ud  thit  dunge  !■  Teijr  nqfid.  Bnt,  ttim 
continue  to  tun  the  priim,  it  flnellr  tekce  ndi  a  pgrittM 
that  the  priim  mm  he  turned  wrenl  dMneenUSBOtlhi 
direction  of  the  icmcttd  nrbdng  wammduutai.  b 
this  position,  the  incident  and  tbe  leflreeleu  nj«  make  to- 
gether the  smallest  posittile  angle ;  it  ie  tbe  pontioB  of  ^ 
ffltniiiMin)  of  deviation.  ThisnMninMt  of  denMialekifaci* 
ant  for  consideration  in  these  and  in  the  fidkwing  leKUtbee. 
Imidne  now  a  series  of  identical  pnans,  placed  one 
above  the  other,  so  that  their  axes  are  on  the  mme  strait 
Ime ;  bnt  that,  on  the  lower  one,  tbe  imadent  ray  coincun 
witb  tbe  vertical,  whilst  in  the  second,  it  deviates  1°,  in  the 
third,  2°,  Sec. ;  we  shall  see,  on  a  white  snrfaee  placed  behind 
these  prisms,  a  series  of  spectra,  tbe  horiaoutal  distance  of 
which  increases  from  below  upwards,  so  that  it  is  scarcely 
sensible  for  the  lowest  in  the  n^hbourhood  of  tbe  MiRfmMM 
of  deviation.  If  the  axes  of  these  prisms  were  not  in  a 
straight  line,  but  so  inclined,  that  ail  tbe  spectra  eoiticided 
with  a  horizontal  line,  some  of  them  would  cover  each  other, 
and  form  white  light;  in  this  point,  therefore,  we  should 
see  a  band  of  wbit«  light.  It  is  only  in  tbe  neiKbhourfaoad 
of  tbe  miiiiiaum  of  devution  that  these  spectra  do  not  cooi- 
pletely  cover  each  other.  Furthermore,  the  same  colours 
of  tbe  different  spectra  would  coincide,  and  the  result  would 
be  a  single  prism  very  deeply  coloured,  in  which  the  red  ti 
generally  very  intense ;  b^use  tbe  red  of  the  extremity  of 
the  spectrum  is  leas  mingled  with  foreign  tints  than  the 
"'"r,  which  receives  some  red  rajs  from  the  strongly  re- 


fractinK  prisms,  and  forms  white.  In  tbe  interval  between 
this  red  and  the  space,  where  tbe  direct  light  of  the  sun 
&1U,  there  is  only  diffused  light,  and  this  interval  appears 


dark. 

Instead  of  a  single  seriei  of  prianu  airai^  Teitically 
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•bove  eadi  other,  let  us  imagine  a  great  nnmber  differently 
indined  to  the  horizon ;  each  will  produce  the  same  phe- 
Bomenon :  only  the  spectra  will  not  only  cover  each  other 
in  the  horizontal  direction,  but  on  a  line,  the  inclination  of 
which  depends  on  that  of  the  prisms.  If  the  number  of 
these  senes  is  very  great,  there  will  finally  result  a  lumi- 
nous circle  in  which  the  red  colour  will  be  within,  and  in 
which  very  pale  blue  will  pass  into  clear  white.  This 
drde  is  produced,  merely  because  a  great  number  of  spectra 
are  placed  side  by  side  around  the  sun,  and  form  a  conti- 
nuity like  the  Milky  Way  and  the  nebula:,  which  are  also 
eomposed  of  isolated  pomts.  The  following  experiment, 
rery  simple  as  it  is,  explains  the  mode  of  the  formation  of 
this  circle,  the  centre  or  which  is  a  luminous  point.  Take 
a  glass  plate  from  two  to  four  centimetres  square,  and  coat 
in  on  one  side  with  a  solution  of  alum :  if  the  plate  is 
placed  horizontally,  and  the  solution  is  uniformly  spread, 
crystals  of  alum  will  be  found  after  evaporation,  the  lateral 
faces  of  which  will  have  the  same  inclination  on  the  surface 
of  the  plate.  If  we  look  at  a  distant  luminous  point  through 
this  plate,  as  the  homologous  faces  of  the  crystals  reflect 
the  light  in  the  same  direction,  we  see  a  senes  of  points 
piresenting  prismatic  colours,  that  are  arranged  in  concen- 
tric circles,  or  unite  into  circles  and  continuous  arcs,  if  the 
ctystals  are  very  numerous.  When  the  evaporation  takes 
place  rapidly,  the  crystals  are  smaller,  and  the  circle  is  not 
so  clearly  defined ;  we  may  also  fix  the  plate  of  glass  at 
the  extremity  of  a  tube  of  pasteboard  blackened  on  the 
interior,  and  terminated  at  the  other  extremity  by  a  circle, 
the  centre  of  which  is  pierced  by  a  circular  hole. 

Small  crystals  of  ice  floating  in  the  atmosphere  reflect 
light  in  this  way.  We  have  seen  that  flakes  of  snow  are  re- 
ducible into  prisms,  the  surfaces  of  which  form  angles  of  60^.* 
If  a  prism  of  this  kind  is  turned  upon  itself  in  the  atmo- 
sphere, rays  continually  leave  it  and  reach  the  eye,  but  dis- 

*  The  prisms  formed  by  water  in  congealing  are  not  triangular,  but  hex- 
agonal ;  their  two  contiguous  fAces  are  inclined  to  each  other,  not  at  60^  but 
•t  120°.  A  diedral  angle  thus  opened  cannot  allow  any  ray  of  light  to  pass : 
the  ray,  after  having  traversed  the  tirst  face,  if  it  reaches  the  second,  expe- 
riences there  a  total  reflection,  which  sends  it  back  into  the  interior  of  the 
crystal. 

It  is  not  the  same.  If  we  consider  two  faces  separated  by  an  intermediate 
fkce;  these  two  faces,  ideally  prolonged,  cut  each  other  exterior  to  the 
prism,  at  an  angle  of  60** ;  it  is  the  binary  combinations  of  the  two  Dices,  thus 
placed,  which  become  rays  of  the  sun.  and  produce  the  halo. 

This  arrangement  is  easily  explsined,  by  considering  the  prism  as  the 
result  of  the  Junction  of  two  triangular  prisms,  alternate  as  fisr  as  conoems 
the  position  of  their  summits,  and  placed  as  is  shewn  in  the  central  part  of 
Vl.  iv.  fig.  15.— B. 

U 


appear  inunediatd^  aftorvBrdi ;  but  it  b  crUcnt  that  tlM 
ray  will  strike  the  eje  fiir  tbe  longeM  pcwible  tiBM^  when 
ita  elevation  bIulU  attain  ita  m&Anbn.  Jt  &a  a 
these  prigmB  is  veiy  great,  it  wiD  then  h^pes  tlw 
receive  at  the  laiiie  time  the  nyi  icfrMod  1 
at  the  moroent  when  tboK  from  the  other  are  ' 
■0  that  the  imprawm  ob  oar  m  wlD  be  p 
though  the  rayi  are  not  tent  ID  it  iif  thewHiecijMali. 
the  position  of  the  MMMHOR  of  deviraon,  ire  ahall  NC  uouw 
theeun  and  the  mooiik  brUliBOt  eirdie,redi>itUB,of  apilt 
blue  or  a  brilliant  iriiite,  which  is  racifimided  utA  the 
azure  or  the  sk^,  without  Aaegrcat  miMiber  oftteBtiBa 
■urrounding  the  can  lend  tbeir  ipeetn  toward  the  eotovrdt 
ray,  or  even  fiutber,  we  leedre  ftom  thb  afmet  od*  the 
light  reflected  bj  the  a§iial  partida  on  ^ne  ftee  or  tte 
prisms ;  and  the  oomegncDcc  u,  that  thla  ipaoe  !■  daikv 
than  that  which  it  witmrnt  the  circle. 

Experience  emflima  all  theaedataof  Ihemy.  If  wboob- 
sidcr  a  halo  attentively,  we  ihatl  tee  that  the  external  edgs 
is  distinguished  by  an  ill-defined  dark  oeloor,  which  j*  tn- 
qucDtly  greyish,  uid  the  more  marked  at  the  halo  ia  mora 
brilliant ;  if  wc  examine  the  distance  eeparatinf>  the  middle  of 
the  red  from  the  centre  of  the  sun,  we  shall  find  It  to  be  between 
il'5(f  and  22°.  On  calculating  thisdistanee  from  the  well- 
known  refracting  power  of  ice,  vre  find  exactly  the  tame  dis- 
tance ;  and  the  calculation  also  ihewi  that  the  liKhtmust  be 
very  vivid  in  the  position  of  the  ini'nnnuin  of  deviation.  On 
turning  an  equilateral  pristu  around  its  axis,  so  that  the 
ancle  of  incidence  each  time  increases  by  one  degree,  we  find 
only  120  possible  pojitions,  and  among  theae  only  20,  or 
one-sixth  of  the  whole,  which  are  such  that  the  light  iinder- 
gocs  a  minimum  of  deviation,  or  only  deviates  40'. 

The  explanation  of  the  second  circle  (halo  extraordinary). 
the  red  border  of  which  is  also  turned  toward  the  sun,  and 
ia  4^'from  it,  presents  greater diflicnlties.  Braadaa  think* 
that  there  is  perhaps  a  refraction  in  two  priama  situ- 
ated one  bchina  the  other ;  n«nnhofer  and  Mehmiat,  that 
the  prisms  of  ice  with  six  surfaces  are  terminated  by  pyra- 
mids with  hexagonal  bases,  the  Jkces  of  which  are  inclined  at 
aisles  of  90'',  and  that  the  second  circle  is  an  effect  of  the 
retraction  of  light  in  these  pyramids.  But  the  luminous 
intensity  of  this  circle  will  be  always  less  than  that  of  the 
first,  and  cousequently  it  would  not  be  teen  ao  frequently.* 
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The  third  circle  is  still  more  rare ;  and  we  possess  no 
complete  observation,  with  the  exception  of  Hnrei's.  It  is 
9(f  distant  from  the  sun ;  and  the  violet  is  nearer  the  sun 
than  the  red :  which  distinguishes  it  from  the  two  others  at 
first  sight.  Here  the  ray  falls  on  the  prism,  so  that  tlie  pos- 
terior surface  reflects  it  completely,  and  refracts  it  after  this 
total  reflection,  as  we  shall  see  presently  for  the  rainl>ow. 

OIRCIaES  PASSING  THROUGH  THE  SUN.— When 

the  sun  is  near  the  horizon,  a  i>ortion  of  the  vertical  circle 
may  rise  above  it  in  the  form  of  a  colunm.  On  (June  8th, 
1824,  appearances  of  this  kind  were  seen  in  several  |)arts  of 
Germany.  At  Dohna,  near  Dresden,  at  8  i>.m.,  at  the  mo- 
ment when  the  sun  was  disappearing  behind  the  mountains, 
faohrmann  saw  a  luminous  band,  perpendicular  to  the  cre- 
puscular arc,  and  like  the  tail  of  a  comet ;  this  column  was 
80®  degrees  high,  and  1°  wide.  As  darkness  arrived,  the 
brilliancy  of  this  column  diminished ;  at  the  same  time,  the 
column  became  rounder  at  the  upper  extremity,  and  short- 
ened very  rapidly ;  light  vaporous  clouds  floated  before  the 
column,  until  it 'disappeared :  these  probably  were  cirrus. 
The  same  phenomenon  occurred  next  day  at  sunrise ;  and  it 
was  frequently  seen  afterwards.  It  is  not  so  common  to  see 
s  band  beneath  the  sun  or  moon,  and  still  less  so  to  see  a 
horizontal  one  pass  through  the  sun,  so  that  this  boily  shall 
appear  in  the  middle  of  a  cross.  Roth  saw  this  phenomenon 
very  distinctly,  Jan.  2,  1586,  at  Cassel.  Berore  the  sun 
appeared,  a  luminous  vertical  column,  of  equal  diameter 
with  the  sun,  shone  at  the  spot  where  it  was  al>out  to  rise ; 
it  resembled  a  brilliant  flame,  only  its  brilliancy  was  uniform 
throughout  its  height.  An  image  of  the  sun  soon  apiKjared, 
80  brilliant  that  it  was  taken  for  the  sun  itself;  scarcely  had 
this  parhelion  quitted  the  horizon,  when  the  sun  rose  imme- 
diately l)eneatn,  followe<l  by  a  repetiti<m  of  the  upper  co- 
lumn.   This  column,  with  its  three  suns,  continued  to  retain 

(Baandu')  mutt  bo  rejected ;  fur,  according  to  this  hypothesiK,  the  mdiiu  of 
the  extraordinary  halo  would  ho  exactly  duublv  the  radius  of  tiic  ordinary 
halo,  and  its  value  would  bo  43^  or  4 4"^ ;  this  value  is  decidedly  U  o  l(«w  to  re< 
present  the  otMerration. 

The  hypothcflis,  therefore,  remains  which  explains  the  extra«}rdinary 
balo  by  a  refraction  through  a  diedral  angle,  whose  faces  arc  inclined  to 
•acb  other  90*.  M.  Galls  has  Justly  oltMnrcd,  that  it  was  not  nccoHitary  to 
bare  recourse  to  the  six^addltioual  faces,  by  which  FaAUNiiopr.a  terminates 
bis  hexagonal  prisms  so  that  they  finish  in  hexagonal  pyrauiidH ;  it  is  tiutH- 
cient  to  close  the  prism  by  two  faces  perpendicular  to  its  axi^.  so  thtit  there 
becomes  a  right  hexagonal  prism :  this  mode  of  viewing  it  is  entirely  conform- 
able to  what  is  Icnown  roitpectingthe  crystallisation  of  hoar-frost,  or  of  snow 
(as  pi.  iv.  figs.  3,  M,  29,  30,  &c.)  prove.  K.ioh  base  of  the  prism,  in  accordmg 
with  each  of  the  six  lateral  faces,  forms  six  diedral  angles  of  9<i^;  and  it  is 
through  these  diedral  angles,  in  the  proper  positions  of  the  prism,  that  the 
brealuDg  of  the  light,  which  causes  the  extraordinary  halo,  is  effected. — B. 
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a  vertical  poutkm;  the  three  ions  were  perftetly  amilAri 
only  the  true  one  wm  hrighter.  The  phemomeooB  kiled 
about  an  hour. 

lu  my  TreaHie  <m  Meteorobgjf^  I  have  add  that  tmall 
flakes  of  snow  may  unite  hy  thor  eztremitiee  and  fbim 
parallel  filaments.  Theee  fihunents  dkmene  light  in  the 
same  manner  as  a  plate  of  glass  oovered  with  a  firtty  hody, 
when  continually  mhhed  in  the  same  directioQ  with  the 
palm  of  the  hand,  is  covered  ¥rith  parallel  strisi  which 


perse  light,  and  prodnoe  a  peneil  of  Iwht  perpendiciilar  to 
the  plane  of  the  strie.    This  analogicaf  idea  is  confirmed  hj 
the  fact,  that  I  have  seen  these  columns  whenever  filaments 
of  cirrus  existed  in  the  atmosphere  in  the  ne^hourhood  of 
the  sun.     However,  one  observatioiiv  hearmg  the  date  of 
Jan.  23,  1838,  shews  that  this  idea  is  incorrect»  and  leads  us 
to  explain  the  entire  phenomenon,  with  Bnusdes,  to  the  te* 
flection  of  crystals  of  snow.    For  seversl  hours  I  perceived 
above  the  sun  a  vertical  luminous  column,  about  10^  in 
height.    The  sun  bemff  6^  above  the  hoxiaon,  and  P  above 
some  buildings  that  haa  hidden  it  firom  n^  view,  I  saw  be- 
neath the  sun  an  analoffous  column ;  but  what  is  most  re* 
markable  is,  that  this  column  was  continued  to  the  ground 
from  the  sun  to  me ;  the  air  was  clear,  and  the  temperature 
varied  throughout  the  duration  of  the  phenomenon  between 
—  19^0  (eight  o'clock)  and  —  10^2  (noon).    Many  frozen 
particles  were  floating  in  the  air ;  and,  between  the  sun  and 
myself,  I  perceived  a  great  many  luminous  points  on  a 
space,  the  diameter  of  which  was  a  little  greater  than  that 
of  the  sun :  these  brilliant  points  appeared,  and  then  sud- 
denly disappeared,  and  the  smallest  nimiber  appeared  in  lu- 
minous lines,  which,  being  driven  onward  by  a  feeble  west 
wind,  traversed  the  band  throughout  its  length.     Had  the 
flakes  been  more  numerous,  or  my  station  more  elevated,  so 
that  I  could  have  seen  a  greater  number  of  points  beneath 
me,  I  should  undoubtedly  nave  seen  a  continuous  luminous 
mass,  and  I  should  not  have  perceived  the  motion  of  the  iso- 
lated points.    All  these  brilliant  lines  were  white ;  I  rarely 
observed  coloured  points.    The  shortest  distance  of  the  scin- 
tillating points  was  at  most  three  decimetres ;  for,  in  front  of 
the  window  at  which  I  was  making  my  observations,  there 
was  a  balcony,  the  iron  bars  of  which,  being  about  a  metre 
distant  from  each  other,  served  as  a  term  of  comparison, 
whilst  the  luminous  points  passed  between  them.    Tne  phe- 
nomenon remained  tul  mid-day ;  but,  several  hours  after- 
wards, I  saw  isolated  brilliant  points  situated  vertically  below 
the  sun.    There  are  no  phenomena  of  reflection  here,  but 
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merely  effects  of  reflection.  All  the  isolated  flakes  of  snow 
thmt  I  examined  were  composed  of  little  hexahedral  Alms, 
the  largest  of  which,  of  about  the  size  of  a  pin*s  head,  were 
very  brilliant  Many  crystals  passed  near  me  without  re- 
flecting light,  because  they  were  not  in  a  favourable  position. 
A  short  time  afler  sunrise,  I  perceived  a  portion  of  the 
circle  with  22*  radius  in  the  east ;  as  I  saw  luminous  points 
between  my  eye  and  the  terrestrial  objects  situated  m  the 
direction  indicated  by  theory. 

Besides  this  vertical  circle,  another  is  frequently  obserAed, 
cmlled  parhelic  circle  {vide  pi.  v.  fig.  Sy  ay g  hfx,  and  the 
figure  on  the  frontispiece),  which  makes  the  circuit  of  the 
horizon,  to  which  it  is  parallel,  or  nearly  so ;  this  circle  is  an 
effect  of  the  reflection  of  crystals  of  snow,  the  reflecting 
surfaces  of  which  are  almost  vertical,  as  Huyyens  supposed ; 
whilst  Fraonhofer  and  Scl&midt  deduced  the  phenomenon 
from  the  diffraction  of  light. 

Braades  explains,  in  the  same  manner,  the  circles  h  I  a 
and  km  a  (pi.  v.  fig.  3) ;  he  thinks  they  are  en^ndered  by  the 
reflection  oi  prisms,  making  an  angle  of  60°  with  the  vertical. 

PARHELIA.  (Nebensonnen). — They  always  exist  in  the 
point  where  two  circles  cut  each  other ;  and  consequently, 
when  there  are  two  producing  causes  of  li^ht :  it  is  gene- 
rally at  the  point  where  the  vertical  and  horizontal  circle 
cut  each  other ;  and  they  are  even  observed  where  there  is 
no  trace  of  either  of  these  (pi.  v.  fig.  3,  x  y,  and  the  plate  on 
the  frontispiece).  They  possess  the  colours  of  the  interior 
circle,  and  freouently  a  prolongation  in  the  form  of  a  tail, 
the  direction  oi  which  coincides  with  that  of  the  horizontal 
circle.  Exact  measurements  prove  that  the  parhelia  do  not 
occur  exactly  at  the  point  of  mtersection  of  the  two  circles, 
but  that  t)iey  are  at  a  little  distance  from  the  sun.  Ventnri 
explains  this  circumstance,  by  saying,  that  refraction  in 
yertical  prisms  does  not  occur  exactly  in  a.  plane  perpen- 
dicular to  the  faces ;  and,  if  this  idea  is  developed  by  analy- 
sis, we  see  that  the  parhelion  should  be  more  distant  from 
the  sun,  as  the  latter  is  more  elevated  above  the  horizon  : 
not  only  does  experience  shew  this  in  a  general  w^ay,  but 
the  differences  between  the  values  observed  and  those  given 
b^  calculation  are  so  small,  that  this  opinion  may  be  con- 
sidered as  perfectly  exact.* 

•  ConceWe  a  great  number  of  prlamii  of  ice,  the  axis  of  which  is  Tcrtical 
and  the  diedral  angle,  60°.  The  dledral  angle  maj  present  itself,  in  respect 
to  the  son.  In  an  infinity  of  different  manners.  One  of  them  is  remarkable, 
it  is  that  in  which  a  ray,  on  traTersing  the  Interior  of  the  crystal,  is  perpen- 
dicular to  the  borisontal  line,  that  dirides  this  diedral  angle  into  two  equal 
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TANGBNT  oimoiaa  (md$  pl.T.pxA^  and  the  plate 
in  the  frontispiece). — Brand—  ezplaina  ttiem  lij  vtmam 
floating  horizontally;  but  it  ii  impoerible  to  aeoomit  mr  tlie 


parts.    The  total  d«iiatk»,  belaa  th*  fom  of  th*  i 

tions,  is  the  least  poailtto  {  and,  on  aooomt  of  tha  mimimmm,  tka 

ray  scarcely  changes  plaee.  If  tbadiadnlaiMda  la  tanadaraaad  tti 

side,  as  on  a  hinge,  a  fmnMtnULb  mnnbor  of  dsgraoi^  whotaor  la  <i 

tion  or  in  another.    TtaoM  aro  tlioo  flmnd*  aa  in  th*  thtorj  of  IIm 

and  that  of  halos,  a  great  nmnber  of  raja  all  oomlng  out  In  tha  ma 

tion,  and,  according  to  eitabllihad  phnuMologj,  theio  vm  oumm  oat  rflcw 

ciotu :  hence  the  prodnoHon  of  a'pnrhoMon.    Tko  modtel  taHidi  of  tho 

broken  route  of  tho  lominooa  raj  at  tta  mh^mm 

metrically,  in  respect  to  tbo  vorttail  IhoM  of  antiyand  «slt  t  tbmt 

be  the  anKuUr  height  of  tbo  tnunatgant  nj,  in  raipact  to  dw  T 

of  the  emergent  raj  mnit  alwaja  bo  tba  aama  t  tho  parlHlkMi  wfll, 

be  as  much  above  tho  horiaon  aa  tba  tnio  onn  HmwIb.   WIUi  nijptfd  to  tta 

amplitude  of  the  deviation,  tt  !•  oaaf  to  soo  that  It  la  ffaatar  aa  tha  a«a  Ii 

higher ;  for  the  inddonea  of  Ha  raara  on  tho  varttoal  nsia  of  tha  priaaB  faa» 

comes,  by  this  single  flkot,  noro  and  mnro  oblhiBa^wblnb  ilatwinliiia  a  eaa* 

tinually  increasing  angiiiontatkm  in  tbm  toffim  of  oevlatfon.    If  tha  ann  la  la 

the  horizon,  and  ita  rav  travoraod  tha  prino  pan>andln«lar  to  tha  vortlaal 

plane  tliat  bfsrctM  iu  dMnl  an|^  tha  davlanan  obtalna  lla  abaolla  aiM^ 

mwH  of  about  22",  and  tha  paxtiollon  thon  ooeon  at  tiio  Intacaaetlon  of  tta 

ordinartf  haJo,  and  of  tho  noriaootal  obola  pairing  throirii  tha  ion.    la 

every  other  case,  tbo  parboUon  la  litiiato  wtthoot  tha  oraaanr  halo  (  mad. 

this  lateral  deviation  inoroaaaa  with  tho  altltnde  of  tho  aan,  aa  tha  fbOiNriBg 

nnmbers  shew : — 
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The  same  way  will  lead  us,  without  recourse  to  calculation,  to  the  et- 
planation  of  the  clroumzenithal  arc.  tangent  to  the  ordinary  halo, — that  of  89*. 
In  order  to  fix  the  mind,  we  will  suppose  the  sun  to  be  on  the  meridian. 

Let  us  lay  all  our  prisms  in  such  a  manner  tlut  all  their  axes,  piesmilug 
their  ])&rallelism,  now  become  horizontal ;  and  let  us  first  direct  them  in 
such  a  manner,  that  these  axes  shall  be  parallel  to  the  line  running  caat  and 
west,  and,  consequently,  perpendicular  to  the  meridian.  Every  system  of 
crystals  with  parallel  axes  must  give  rise  to  two  parhelia,  as  we  shall  soon 
see.  In  order  to  discover  how  they  will  be  situated,  it  Is  sufficient  to  make 
the  sun  and  the  prisms  turn  in  one  system  round  the  meridian  of  tho  ob- 
server, at  an  angle  of  90" ;  the  crystals  become  vartioal,  the  plMie  of  tha 
meridian  becomes  the  horizon ;  the  position  of  the  two  parfadla  is  immedi- 
ately known  from  the  rules  given  at  the  commencement  of  Ukls  note.  Let 
us  now  turn  back  the  whole  system,  and  bring  it  to  its  prindttve  posHton  ;'.it  Is 
evident  that  one  of  the  parhelia  will  be  situated  22"  above  tho  sun,  and  tho 
other  22"  below.  We,  therefore,  see  that  the  actual  case  only  dilflm  from 
the  preceding  in  that  the  plane  of  the  meridian  plays  tho  part  whidi  tho 
plane  of  the  horizon  Just  now  played. 

Let  us  consider  a  second  system  of  prisms,  the  axes  of  which,  being  natn- 
rally  parallel,  are  directed  from  the  E.  1"  8.  to  the  W.  1  **  N. ;  the  vtrtloal 


plane,  jiasslng  through  the  observer,  and  perpendicular  to  thooe  prisma,  will 
have  an  azimuth  of  8. 1"  W. ;  the  sun,  still  in  tho  moridlan,  will  then  be  on 
the  left  of  this  plane.  Let  us  make  a  motion  analogoua  to  that  of  tho  pre- 
ceding case,  and  turn  the  whole  around  the  horizontal  Una,  tha  aahnnth  of 
which  is  8.  1"  W. ;  the  vertical  piano  8.  1"  W.,  after  thia  tvrnlnc,  la  con- 
founded with  the  horiaon ;  the  parkeUe  cHrde  ii,  tboraforo,  a  ■naUdrcla  of 
the  sphere  passing  through  tbo  sun,  and  parallel  to  thia  past  vartkal  ctrcla. 
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phenomena,  without  having  recourse  to  calculation;  and, 
OB  this  account,  I  pass  it  over  entirely  in  silence. 

8TATB  OF  THB  ATMOSPHERE  DURING  HAIaOS. 

— Neither  in  the  world,  nor  yet  in  scientific  books,  have 
mfficient  distinctions  been  made  between  coronse  and  halos ; 
H  la,  therefore,  difficult  to  know  whether  their  appearance 
is  connected  with  certain  modifications  in  the  state  of  the 
Atmosphere.  However,  the  great  majority  of  observations 
relate  to  true  halos ;  and  both  arc  said  to  ^retell  rain,  espe- 
cially when  they  are  seen  around  the  moon,  where  tney 
more  frequently  occur  than  around  the  sun ;  but,  as  coronse 
may  be  observed  whenever  there  are  clouds  in  the  sky, 
they  lose  all  signification.  It  is  only  when  the  diameter  of 
the  corona  diminishes  sensibly  in  a  short  time,  that  is  to 
aay,  when  the  size  of  the  vesicles  of  fog  increases  rapidly, 
tluit  we  may  expect  approaching  rain. 

It  is  otherwise  with  true  halos ;  they  prove  the  existence 
of  cirrus ;  and,  as  they  occur  most  frequently  when  the  baro- 
meter falls,  rain  will  not  be  loni^  in  coming.  This  is  mostly 
the  case  during  summer ;  and  I  have  often  obscr\'ed  very 
beautiful  halos,  when  violent  storms,  accompanied  witn 
hail,  were  at  a  distance,  or  in  the  neighbourhood.* 

The  corresponding  parhelion  will  be  placed  on  a  small  circle,  at  an  angular 
distance  a  little  greater  than  23%  the  excess  of  distance  being  greater  as  the 
distance  of  the  sun  trom  the  verUool  S.  1**  W.  is  itself  greater. 

The  system  of  prisms  perpendicular  to  the  plane,  the  azimuth  of  which 
Is  8.  2"  W.,  would  also  give  two  parhelia,  the  one  above,  the  other  below, 
both  exterior  to  the  halo ;  and,  as  the  antcular  distance  of  the  sun  at  these 

different  rertical  circles  S.,  8.  1°  W.,  S.  2**  W., continues  increasing, 

the  derUtion  of  the  corresponding  parhelia  outside  the  ordinary  halo  iu- 
creasee  simultaneously.  If,  therefore,  we  now  consider  the  series  formed 
bj  all  these  parhelia,  we  shall  easily  see  that  they  form  two  distinct  curves, 
which  touch  tlie  ordinary  halo,  the  one  at  its  culminating  point,  the  other 
at  its  lowest  point,  and  that  these  curves  are  exterior  to  the  halos.  These 
two  curves  are  circumzenithal  arcs,  tangents  to  tlio  ordinary  halo  ;  and  in 
this  way  they  are  completely  explained.  With  regard  to  the  predominance 
of  prisma,  with  horizontal  axes,  it  very  probably  occurs,  because  these 
primos  not  being  very  elongated  in  reference  to  the  dimensions  of  their 
oases,  and  forming  a  sort  of  hexahedral  iilm,  must  fall  in  the  air,  presenting 
the  edge. 

The  arc  tangent  to  the  extraordinary  halo  cannot  be  explgdned  in  this 
waj.  This  arc  arises,  according  to  M.  Gallb,  from  the  refraction  of  rays 
hi  crystals,  the  axis  of  which  is  vertical ;  the  rays,  after  having  penetrated 
through  one  of  Uie  six  vertical  faces,  come  out  traversing  the  hexagon,  that 
forms  the  lower  base  of  the  crystal.  For  the  complete  explanation  of  the 
phenomenon,  we  must,  moreover,  admit  that  these  prisms  undergo  little 
oscillations  around  the  vertical.  The  brilliancy  of  this  arc  varies  with  the 
height  of  the  sun;  and  the  most  brilliant  period  of  its  appearanc?  is,  ac- 
coitUng  to  M.  Gali^  tliat  when  the  elevation  of  the  sun  is  21"  A7'.  The 
rajs  then  traverse  the  prisms  in  conditions  tliat  realise  its  minimum  devia- 
tion ;  and  the  emergent  light  is  Readout. 

BmAUDXi  has  interpreted  the  origin  of  this  circumzenithal  arc  in  a  dif- 
ferent way ;  but  his  theory  does  not  accord  so  well  with  observations. — B. 

*  The  atmospheric  circumstances  favourable  to  the  appearance  of  par^ 
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We  might  also  «k  why  htks  aze  so  tddon  eonmlcta^^- 
whv  at  one  time  cireleB  are  teen  ooneentrie  with  ue  ann, 
and  why  at  another  time  thej  pan  through  thia  hody.  If  it 
were  possible  to  study  the  crystals  of  sdow,  thai  nlwot  ud 
refract  the  light,  it  would  he  eas7  to  re|^  to  ^it  qmtion. 
It  appears  to  me  prohable  that  these  dmmoees  are  doe  to 
the  different  forms  that  the  ervatals  may  sitnmrr :  if  th^ 
are  prisms  floating  in  the  air,  alnminoiis  circle  is  ptodaoea 
by  refraction ;  if  they  are  lamellated  oystels^  the  zeAectioa 
produces  a  parhelic  drde  passmg  throogh  toe  son.  It  is 
only  when  tne  two  species  of  crystals  exist  at  the  same  time 
that  we  observe  the  two  phawmena  simultaneonsly.  This 
combination  is  rare;  fbr  generally  we  only  see  »  single 
kind  of  crystal  floating  in  toe  atmosphoe. 

RAINBOW. — ^When  the  rays  in  the  son  ftll  on  dropi 
of  rain,  we  see  in  the  opposite  rq;ioii  of  the  sl^  one  or  two 
arcs  of  a  circle  tinted  with  prismatie  cdloiii%  and  known 
under  the  name  of  rwdi&ow.  if  the  two  arcs  are  complete^ 
they  arc  also  concentric ;  and  exact  measmcment  proves  that 
their  centre  is  where  the  shadow  of  the  spectator's  head  is. 
The  interior  bow,  which  is  more  freoaentiy  seen,  and  the 
colours  of  which  are  more  vivid,  is  cslled  the  flrst  or  inner 
bow  (Jiauptregenhogen) ;  the  other,  exterior,  the  second  or 
outer  rainbow  (nebenregenbogen).  In  the  former,  the  vio- 
let is  within,  the  red  without ;  and,  consequently,  the  ray 
of  the  red  bow  is  greater  than  that  of  the  violet  bow ;  some- 
times the  inner  edge  presents  a  repetition  of  colours  in  fine 
fringes,  in  which  green  and  red  are  especially  remarkable. 
In  the  second  rainbow,  the  colours  are  arranged  according 
to  an  inverse  order,  so  that  the  diameter  of  the  red  circle 
is  less,  that  of  the  violet  circle  greater. 

In  order  that  there  may  be  a  formation  of  a  rainbow,  it 
is  sufficient  that  the  sun  should  strike  drops  of  water  with 
its  rays ;  thus  we  may  see  the  rainbow  on  clouds,  and  even 
on  terrestrial  objects.  In  gustv  weather  I  have  ft^nently 
seen  rainbows  on  a  blue  sky,  when  drops  were  falling  to  the 
earth,  because  they  evaporated  during  their  fallTbut  the 
rainbow  presents  vivid  colours  only  when  the  Ught  that 
strikes  against  the  drops  possesses  ^reat  intensity:  thus 
lunar  rainbows  very  rarely  present  prismatic  ooloors ;  they 
are  merely  white  or  yellowish. 

Let  us  follow  the  course  of  a  luminous  ray  in  a  drop,  of 

helia,  aometimes  exist  over  a  great  extmit  of  oountry;  M.  AftAAO.  on  this 
point,  has  noticed  some pariielia  that  were  eeea  Ifaj  1S»  IBM,  iLmm,  8§taU 
Uoentin,  Cambray,  Lille  and  La  Fdre.  {Commia  rtmim  *  FAeBi.  4a 
Science*,  U  vi.  pp.  873^501  .)--M. 
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which  we  will  suppose  the  form  to  he  spherical,  and  of  which 
the  refracting  power  for  each  coloured  ray  is  well  known. 
Let  MNO  (pi.  V.  fig.  5)  he  the  section  of  a  drop,  hy  a  plane 
passing  through  its  centre,  C  :  and  LM  a  ray  coming  from 
the  sun :  if  it  falls  on  M,  it  will  be  refracted  in  the  direction 
MN ;  in  N,  it  reaches  the  other  surface  of  the  sphere ;  one 
Murt  of  the  ray  passes  through,  the  other  is  reflected  in  the 
diTeGtion  NO,  wnence  it  is  again  reflected  towards  the  interior, 
and  partly  refracted  in  the  direction  OP,  as  it  leaves  the 
drop,  80  that  the  eye,  situated  on  OP  produced,  sees  an 
image  of  a  luminous  point.  Thus  a  ray  undergoes  several 
partial  reflections  and  refractions  in  a  drop,  and,  in  each  of 
Its  refracted  rays  produced,  the  sun  is  seen.  Furthermore, 
the  angle  made  by  the  incident  ray  Avith  the  surface  of  the 
drop  varies  from  0°,  where  the  ray  is  a  tangent,  and  90^, 
where  it  passes  through  its  centre  :  it  follows  that  rays  leave 
the  drop  m  all  directions,  and  that  on  all  sides  we  may  see 
the  image  of  the  sun  reflected ;  but,  if  anv  one  region  is  to 
be  distinguished  by  its  brilliancy,  it  is  that  in  which  the 
emergent  rays  become  parallel,  because,  under  these  cir- 
eumstances,  the  images  coming  from  several  drops  are 
placed  one  beside  the  others,  so  as  to  form  an  illuminated 
region. 

If  we  look  for  the  conditions  necessary  to  the  production 
of  this  effect  by  calculation,  we  generally  find  a  very  great 
number  of  directions  in  which  a  luminous  image  may  be 
seen ;  but  there  are  chiefly  two  in  which  the  brilliancy  is 
very  intense,  and  which  give  rise  to  the  phenomenon. 

If  the  sun  S  (pi.  v.  fig.  6),  the  drop  and  the  eye  O,  are 
in  the  same  plane,  then  the  eye  only  receives  the  rays 
situated  in  this  plane,  and  passing  through  the  centre  of  the 
drop;  the  ray  SA  is  refracted  at  the  interior  in  the  direc- 
tion AB,  and  reflected  in  the  direction  BC,  and  then 
refracted  toward  the  eye  in  the  direction  CO.  But,  in  order 
that  a  pencil  of  parallel  rays  may  come  from  all  the  drops 
situated  in  the  du*ection  CO,  calculation  shews  that  the  two 
lines  SA  and  CO  should  make  together  a  certain  angle, 
which  varies  for  the  different  coloured  rays,  on  account  of 
their  unequal  refrangibility.  If  CO  is  a  i>ed  ray,  the  angle 
is  42'»  23' ;  if  a  violet  ray,  it  is  only  40^  29' ;  so  that  the 
extent  of  the  arc  is  1°  54',  and  red  occupies  its  exterior 
edges. 

When  rays  undergo  a  double  refraction  at  the  interior 
of  the  drop,  the  image  of  the  sun  is  still  visible.  Let  S  A 
(pi.  V.  fig.  7)  be  a  somr  ray  falling  on  the  drop  ABCD  ;  it  is 
refracted  in  the  direction  AB,  then  reflected  in  BC,  again 

s2 
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reflected  in  CD,  and  at  DIt  k  xefraeted,  w  it  aoaiMOiitia 
the  direction  DO.  Cilcnlation  aim  gma  in  ibk  eate  Um 
anele  formed  by  the  linet  going  from  the  aonto  tihe  eye* 
and  from  the  eve  to  the  rainbow:  it  ia  6^  21'  tbar  tha  red 
rays,  dS""  46'  for  the  yidlet,  and  the  width  of  the  are  la 
3°  25'. 

There  is,  therefor^  a  doable  image;  the  one  prodneed 
by  simple  reflection,  the  other  by  the  doable  lemetioa  of 
the  rays  in  the  interior  of  the  drc^ :  the  fixat  oorraaponda  to 
the  inner  rainbow,  the  other  to  the  oater.  Finaw,  tfaera 
may  be  a  third  image  produced  by  a  tripk  lefledron,— "an 
image  still  nearer  to  the  aan,  in  thiufc  it  ia  diatayot  only  from 
42""  30^  to  37""  41'.  A  fborth  imagei  prodneed  *by  a  qa»- 
dmple  reflection,  may  oocar  at  a  trifling  dlihwce;  ita 
distance  from  the  son  will  be  from  43^  44'  to  48^  5S';  but 
the  intensity  of  theae  two  latter  aiea  ia  ao  fedble  that  thej 
are  rarely  seen.* 

Hitherto  we  have  only  eonaideiFed  a  on^^  drop ;  aa  thia 
moves  rapidly,  the  image  can  laat  bat  for  a  aingle  inatant: 
but,  if  a  great  number  of  dnjijgB  £J1  in  the  aame  direction, 
each  of  them  will  prodaoe  an  unage  in  the  aame  idaeea,  and 
the  sensation  wiU  remam  permanent;  if  xmin&llam  a  aheet, 
then  there  is  a  deformed  bow. 

Suppose  for  a  moment  that  the  observer  is  above  the 
cloud,  turning  his  back  to  the  sun  and  distinctly  seeing  the 
shadow  of  his  head  upon  the  cloud :  if  he  imagines  a  plane 
passing  through  the  sun  and  his  head,  he  will  distinctly  see 
a  red  image  of  the  sun  in  each  drop  so  placed  that  the  line 
coming  from  each  drop  to  his  eye  makes  an  angle  of  42^  23', 
with  toe  right  line  joining  his  head,  and  the  shadow  pro- 
jected on  the  cloud.  But  this  plane  may  occupy  every 
possible  position,  and  the  image  of  the  sun  always  appears 
forming  the  angle  mentioned ;  a  red  circle  is  therefore  seen, 
the  centre  of  which  is  situated  on  a  ri^ht  line,  joining  the 
eye  and  the  sun,  and  the  apparent  diameter  of  which  is 
42°  23'.  These  red  rays,  therefore,  form  a  cone,  the  axis  of 
which  passes  through  the  eye  and  the  sun,  and  the  planes  of 
which,  tangent  to  the  surface  of  the  cone,  make  with  this 
axis  an  angle  of  42  23' ;  the  violet  rays  make  an  angle  of 
40°  29'.    'The  second  rainbows  form  an  analogous  cone. 

This  cone  also  exists  when  the  observer  is  on  the  surface 
of  the  earth ;  if  he  is  placed  on  the  simimit  of  a  mountain, 

*  M.  Babihet,  when  in  th«  most  fkTonnble  dremnstaiioM,  on  Moiitd*Or, 
«nd  on  the  CMiigoa.  Tftinly  endeftvoured  to  porothre  them.  (Comatet  Ben* 
4m  de  VAcad.  4e»  Sdeneti,  U  It.  p.  646.) 
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while  the  rain  falls  below,  then  he  perceives  a  complete  circle, 
corresponcliii*^  to  the  f^reat  circle  that  was  described  when 
speaking  of  the  parhelia :  this  is  also  the  circle  that  is  per- 
ceived, under  favourable  circumstances,  on  drops  of  dew. 
On  the  plains,  on  the  contrary,  we  scarcely  see  a  semi-cir- 
cumference, although  the  sun  is  high ;  for,  if  the  drops  fall 
fhmi  a  cloud,  and  the  latter  forms  a  dark  ground,  only  a 
portion  of  the  rainbow  is  seen  on  the  cloud.  With  atten* 
tion,  traces  of  the  rainbow  may  be  seen  even  nearer  to  the 
observer,  if  the  latter  is  illuminated  by  the  sun;  but 
freqjiiently  they  are  mere  points. 

If,  therefore,  we  admit  that  the  rainbow  is  formed  only 
when  there  are  clouds  in  the  back  plain,  we  may  not  only 
deduce  the  size  of  this  bow,  but  also  the  conditions  under 
which  it  cannot  occur.  If  the  sun  were  in  the  horizon,  the 
■hadow  of  the  head  of  the  spectator  would  fall  there  dso ; 
and,  as  the  axis  of  the  cone  would  be  horizontal,  it  would 
follow  that  we  should  see  a  complete  semi-circumference  of 
an  apparent  semi-diameter  of  41^  As  soon  as  the  sun  rises, 
the  axis  of  the  zone  falls,  and  the  arc  becomes  smaller ; 
finally,  if  the  sun  attains  a  height  of  41°,  the  axis  of  the  cone 
forms  the  same  angle  with  the  plane  of  the  horizon,  and  the 
bow  becomes  tangent  to  this  plane.  If  the  sun  were  still 
higher,  the  bow  would  be  projected  on  the  earth ;  and,  as 
we  rarely  see  the  phenomenon  when  thus  presented,  or  when 
the  image  is  very  pale,  it  is  commonly  believed  that  it  cannot 
be  produced.  The  second  bow  disappears  when  the  sun 
attams  a  height  of  52"^ ;  on  this  account  we  cannot  see  a  rain- 
bow at  noon  in  summer. 

If  the  image  of  the  sun  is  reflected  bv  a  surface  of  quiet 
water  toward  a  cloud,  this  image  may  m  like  manner  pro- 
duce a  rainbow.  As,  in  this  case,  two  suns,  one  of  which  is 
as  much  below  the  horizon  as  the  other  is  above,  project 
their  rays  towards  the  cloud,  the  two  bows  will  alwavs 
meet,  so  that  the  angle  between  the  refracted  and  the 
incident  ray  is  41°;  the  two  bovrs  will,  therefore,  cut  each 
Other,  but  the  point  of  intersection  depends  on  the  height  of 
the  sun ;  four  bows  are  thus  frequently  seen,  because  the 
sun,  and  also  its  reflected  image,  each  produces  a  second  bow. 

I  will  mention  a  few  other  appearances,  that  are  very 
frequently,  though  not  always  seen.  When  a  vividly 
coloured  rainbow  is  projected  on  a  dark  cloud,  the  sky  is 
much  darker  above  tnan  below  the  bow ;  this  difference  is 
the  more  striking  when  the  sun  is  low :  it  is,  therefore,  a 
phenomenon  opposed  to  that,  which  we  have  observed  in 
respect  to  halos,  in  which  the  interior  space  is  darker  thau 
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the  exterior.  If  we  fbDow  the  eoune  of  a  nj  in  iSbft  ndti- 
drop,  we  shall  see  that  the  drc^  rituated  abofe  thai  in 
which  the  how  is  fhnned  do  not  send  ns  the  njs  uHtitcd 
hy  their  posterior  snr&oe,  whilst  the  drc^  plaeed  below  do 
send  them;  and  these,  notwithstanding  tlior  diveigeoeeb 
vaguely  illuminate  the  space  sitnated  beneath  tlie  bow. 

SUPERNUMHR^UKT    KAHtBOWS.— Thev  pNKnt  a 

remarkable  anomaly:  in  the  first  bow,  the  violet  oeeoia 
within,  and  the  red  without ;  but  we  tnqaealdj  obeervo 
anomalous  repetitions  of  these  edonn  within  the  violet  bow : 
these  are  the  bows  that  are  designated  JiysissiMiiuijL 
supplementary^  or  seoondaiy  (^Meemidaen  Boffti),  A  aeoQiid 
green  bow,  and  a  second  violet,  then  a  third  greoi  and  a 
Uiird  violet,  are  attached  to  the  violet  bow.  Jbi  general 
these  are  the  only  two  edonrs  that  are  blight;  however,  I 
have  several  times  perceived  bright  red;  observers  have 
described  more  or  less  perftct  lepetitians  of  all  the  eoloniiL 
Thus  laanawith  saw  an  ordinary  rainbow,  in  which  the 
violet  had  a  strong  reddish  tint:  beneath  it  waa  a  green 
bow,  the  convex  put  of  which  passed  to  %htvellow,  whilst 
the  concave  was  of  a  deep  green ;  above  was  a  bow  c^  a  de^ 
purple  colour,  which  disappeared  and  returned  sevoml  times 
so  rapidly  that  it  could  scarcely  be  observed.  Beyond  the 
ordinary  rainbow  was  the  following  succession  of  colours : 
light  green,  deep  ^een,  purple,  green,  faint  purple.  There 
were  here  four  scries  of  colours,  and  perhaps  the  commence- 
ment of  a  fiflh,  since  the  bright  purple  is  probably  produced 
by  a  mixture  of  red  with  violet  rays.  lAnawith  adds  a 
remark  already  made  by  many  observers, — it  is  that  he 
never  observed  this  succession  of  colours  in  the  parts  of  the 
bow  that  seemed  to  rest  on  the  earth,  although  the  colours 
there  are  much  more  vivid  than  the  upper  parts,  beneath 
which  t)iis  repetition  of  colours  is  manifested ;  the  repetition 
of  colours  has  been  rarely  noticed  in  the  second  rambows. 
However,  Brewster  saw,  at  their  outer  part,  a  red  bow,  and 
above  this  a  green  bow  faintly  marked. 

It  is  not  easy  to  explain  tnese  supernumerary  bows  in  a 
satisfactory  manner.  Pemberton  thought  they  were  due 
to  the  same  phenomenon  of  interference  as  the  corone  that 
surround  the  sun  or  moon.  Indeed,  when  a  great  number 
of  small  drops  fall  with  the  larger,  and  the  rays  fh>m  the 
ordinary  rainbow  pass  near  them,  thev  are  difiracted  in  the 
same  manner  as  the  rays  that  come  (urecUy  from  the  son. 
But,  in  order  that  this  idea  be  just,  it  is  necessary  that  the 
^ruall  drops  should  all  have  the  same  diameter, — an  h3rpo- 
theais  scarcely  probable ;  moreover,  accordii^  to  this  ex* 
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planation,  there  would  be  as  many  supplementary  arcs 
behind  the  parts  of  the  arc  that  touch  the  norizon  as  behind 
the  others.  The  opinion  of  Ventmi  is  more  probable,  who 
thinks  that  some  drops  are  flattened  in  their  lower  part 
during  their  fall.  The  spherical  drops  produce  the  principal 
zainbow ;  the  flattened  drops,  the  supernumerary  rainbows. 
If  the  drops  have  not  the  same  dimensions,  this  is  because  the 
flattening  is  not  the  same ;  and  in  this  case  there  may  be 
recurrences  of  colours.* 


*  According  to  IfM.  Touhg.  Asaoo,  and  Babinkt,  these  tecondary^  iuptr- 
raryt  or  tnpj^ementary  arcs,  are  a  phenomenon  of  interference  that  is 
•xpUined  as  foUows : — 

Let  8  A  (pi.  V.  fig.  6.)  be  the  incident  ray,  ABC  its  route  in  the  interior 
of  the  drop,  OC  the  emergent  ray.  We  know,  by  the  theory  of  the  rain- 
bow, that  if  the  angle  of  incidence  of  the  ray  S  A  is  59°,  the  incunaUon  of  OC 
to  8A  will  acquire  Its  nuuimum  value,  namely  41** ;  the  ray  will  make  part 
of  the  ^ffleaeiottM  (ksciculus,  that  sives  us  the  sensation  of  the  rainbow.  Sup- 
pose the  incidence  of  S  A  is  equal  to  70** ;  calculation  proves  that  the  inclina- 
tkm  of  OC  to  8A  will  be  38**  12^,  necessarily  less  than  the  nuunmum  inclina- 
tion 41**.  Imagine  now  a  ray  parallel  to  S  A,  but  the  incidence  of  which  on  the 
drop  is  46**  45'.  This  new  ray  will  be  reflected  at  the  same  point,  B,  as  the 
preceding,  but  it  will  leave  the  drop  panUlel  to  CO  ;  so  that  the  pencil  of 
rays  that  reach  our  eye  fh)m  all  points  of  the  sky,  of  which  the  distance 
ftrom  the  sun  is  equal  to  180** — 38"  12',  is  composed  of  rays  of  two  sorts,  some 
Incident  under  the  angle  70**,  others  under  the  angle  46**  45'.  And,  in  general, 
for  aU  these  distances,  39**,  38%  37".  &c.  (unto  16**  inclusive),  between  the  point 
of  the  rainbow  tmder  consideration  and  the  point  of  the  sky  directly  oppo- 
^te  to  the  sun,  it  is  correct  to  say  that  the  luminous  pencil,  perceived  by  the 
eye,  contains  at  the  same  time  rays  of  incidence  greater  than  59**,  and  rays 
of  incidence  less.  The  two  rays  of  different  incidence,  composing  the  same 
Ikaciculus,  are  in  the  proper  conditions  for  interference,  since  they  come 
firom  Uie  same  source,  and  after  a  slight  difference  as  to  the  length  of  the 
course  they  traverse.  Thus,  each  of  the  drops  comprised  between  the  por- 
tion of  the  sky  situated  in  the  concavity  of  the  arc  will  give  rise  to  a  series 
of  fHnges,  situated  in  the  plane  of  the  sun  and  the  drop ;  of  this  series  a 
single  element  may  be  perceived  by  the  observer ;  but,  if  we  consider  a  mul- 
titude of  drops  more  and  more  remote  from  the  internal  edges  of  the  bow, 
the  regular  series  of  firlnges  will  appear,  providing  the  drops  are  of  the  same 
diameter,  and  it  will  be  developed  in  concentric  bows  interior  in  the  prin- 
cipal bow. 

The  larger  the  drops  are,  the  more  should  the  width  of  these  ftringes  or 
coloured  rings  diminish  ;  for  we  cannot,  in  this  case,  find  the  same  difference, 
of  course,  in  considering  two  rays,  of  which  the  difference  of  incidence !»  less 
than  before.  As  the  drops  continue  to  become  larger,  the  fringes  are  mure 
and  more  compressed,  and  finally  they  become  indistinct.  This  is,  doubtless, 
the  reason  why  the  supplementary  bows  are  never  prolonged  to  the  horizon, 
but  always  occupy  the  culminating  point  of  the  phenomenon. 

Mr.  AiKT  luis  recently  attached  the  existence  of  supernumerary  bows  to 
the  theory  of  undulations,  by  an  analytical  solution  of  the  problem :  and  Mr. 
MiLLEm  has  verified  the  results  and  the  formulse  of  Mr.  Aiet  on  the  super- 
numerary bows,  produced  by  a  ray  of  the  sun  falling  horizontally  upon  ver- 
tical cylindrical  threads  of  water,  i  and  1  of  a  millimetre  In  diameter.— B. 
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AURORA  BOREALES. 


The  phenomena  that  we  ha,re  bHberto  ftndied  xoJly 
belong  to  the  domain  of  Meteorology;  thqr  ue,  in  fteti 
modifications  of  the  atmosphere  or  of  |3ienoiDena  denendiqg 
on  them.  In  these  two  final  chapters,  we  shall  briefly  treat 
of  certain  phenomena  that  we  see  throogh  the  atmomierei 
hut  of  which  it  is  difficult  to  affirm  ^nth  certainty  whether 
they  belong  to  the  class  of  atmospheric  phenomena.  That 
to  which  we  shall  first  direct  our  attention  is  the  manifest- 
ation of  the  magnetic  state  of  the  terrestrial  globe.  It  is 
probable  that  its  distribution  is  intimately  connected  with 
that  of  heat  on  the  surface  of  the  earth.  This,  however,  is 
not  a  sufficient  reason  for  including  this  phenomenon  in  the 
domain  of  Meteorology,  properly  so  called ;  it  is  merely  a 

froof  that  heat  may  modify  the  distribution  of  magnetism, 
shall  consider  here  only  one  of  the  phenomena  con* 
nectcd  with  it,  viz.  aurora  boreaks;  but,  in  order  more 
clearly  to  shew  their  connexion  with  magnetism,  I  shall 
here  relate  certain  fundamental  facts  connected  with  this 
magnetism  itself. 

DIRECTION    OF   THE    MAGNETIC  NEEDIJB.— If 

we  suspend  a  magnetised  bar  to  a  filament  of  silk,  so  that  it 
can  move  freely  m  a  horizontal  direction,  it  makes  a  series 
of  oscillations,  that  become  smaller  and  smaller,  until  it  takes 
a  determinate  position,  to  which  it  always  returns,  when- 
ever removed  from  it ;  the  same  phenomenon  occurs,  if  the 
bar  is  pierced  and  fitted  vrith  a  cap,  by  means  of  which  it  is 
placed  in  etpaUbrio  on  a  sharp  point  A  bar  thus  arranged 
18  called  a  magnetic  needle ;  in  France,  the  vertical  plane  in 
which  the  needle  rests,  nearly  coincides  with  the  meridian.** 

»  FAfe  NoCo  9,  Appendix,  No.  n. 
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This  coincidence  was  perfect  a  few  centaries  ago ;  and  it  was 
at  that  time  thought  that  the  magnetic  needle  always  took 
such  a  position  that  one  of  its  extremities  was  turned  toward 
the  polar  star,  and  the  other  toward  the  sun  at  noon :  the 
plane  in  which  the  needle  remained  at  rest  was,  therefore, 
called  the  magnetic  meridian.  At  Paris,  this  meridian  makes 
with  the  astronomical  meridian  an  angle  of  22°  toward  the 
west :  this  is  named  magnetic  declination  or  variation  {mag- 
netische  abiceickung) ;  it  is  west  or  east,  according  as  the 
end  of  the  needle,  that  is  turned  toward  the  north,  is  east  or 
west  of  the  astronomic  meridian.  The  amplitude  of  devia- 
tion is  measured  hy  the  arc  divided  into  nonagesimal  degrees, 
comprised  between  the  two  planes,  passing  through  the 
astronomic  and  the  magnetic  meridians. 

The  needle,  hy  means  of  which  the  magnetic  meridian 
is  found,  was  so  adjusted  as  to  move  only  in  a  horizontal 
plane ;  but,  if  we  suspend  a  needle  by  its  centre  of  gravity, 
so  as  to  take  from  it  the  action  of  gravity,  and  permit  it  to 
move  in  all  directions,  it  will  remain  in  the  vertical  plane, 
and  its  direction  will  not  be  parallel  to  the  horizon ;  for,  in 
our  countries,  the  extremity  directed  toward  the  north  will 
dip.  To  convince  himself  of  this,  Normaim  pierced  an 
unmagnetised  needle  through  the  middle,  and  suspended  it 
on  an  axis  coinciding  with  its  centre  of  gravity ;  this  axis 
rested  on  points,  so  that  the  needle  could  move  in  a  vertical 
plane.  Iiaving  convinced  himself  that  the  needle  remained 
in  equiUbrio  indifferently  in  all  positions,  he  concluded  that 
the  axis  of  rotation  coincided  with  the  centre  of  gravity  : 
the  needle  was  then  magnetised,  and  placed  in  the  plane  of 
the  magnetic  meridian;  its  extremity  directed  toward  the 
north  immediately  dipped,  forming  an  angle  which,  in  the 
middle  of  Europe,  is  about  70"^.  This  angle  is  called  mag- 
netic inclination  or  dip  (jnagnetische  neigtmg).  A  very 
simple  experiment  shews  that  this  dip  really  depends  on 
the  action  of  terrestrial  magnetism.  When  the  needle  is  at  rest 
in  the  position  alluded  to,  we  have  merely  to  touch  its  north 
pole  with  the  north  pole  of  an  energetic  magnet,  and  its  poles 
are  immediately  changed ;  the  end  that  was  formerly  south, 
and  directed  toward  the  sky,  will  dip,  and,  in  like  manner, 
make  an  angle  of  70°  with  the  horizon.  We  conclude  from  this 
that  the  earth  is  a  magnet,  which,  in  our  countries,  acts  on 
a  magnetic  needle  freely  suspended,  so  as  to  place  it  in  the 
magnetic  meridian,  and  make  the  north  end  dip.  In  like 
manner,  as  a  pendulum  is  motionless  in  its  vertical  position, 
80  also  we  must  admit  that  the  dip  indicates  the  direction  in 
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which  the  resultant  of  all  the  fomieractti  at  the  poinl  where 
the  observation  is  made. 

TERRESTRXAb  lIAaNBTI8M.~-£vei7  whevpi  OH  the 

surface  and  in  the  interior  of  the  |;lohe,  the  magnetie  needltf 
takes  a  determinate  podtion;  this  position  Taiiei  in  each 
country  of  the  earth :  as  we  advance,  prooeedii^  diiectly  to 
the  west,  we  see  that  it  increases,  and  attains  its  wmiimmm  in 
the  Atlantic  Ocean.  From  this  point,  the  western  dedma* 
tion  diminishes ;  and,  at  the  east  of  the  United  Statea,  the 
needle  points  exactly  to  the  north  pole,  and  conaeqiiently 
the  declination  is  nothing;  more  westward,  the  deefinalion 
becomes  east.  If  we  had  j^one  toward  the  east,  the  weal 
declination  would  have  diminished ;  it  wonM  be  nothinff  in 
the  cast  of  the  Russian  emmre ;  and  then  east,  if  wenad' 
continued  our  course  toward  the  east 

In  general,  if^  under  any  parallel,  we  take  the  caieuit  of 
the  globe,  we  shall  find  a  point  where  the  needle  is  dirraled 
towaj^l  the  north ;  aftermrds  the  deviatiMi  beeomes  west 
erly,  attains  its  moxdiitMi,  and  then  diminishes,  until  it  is 
nothing:  thus  the  declination  varies  greatly.  If  we  make 
our  experiments  under  the  equator,  ara  repeat  them  every 
five  degrees,  we  shall  find  that  the  difference  between  the 
maxitman  eastern  and  the  maximum  western  declination  in- 
creases as  we  approach  the  poles  of  the  earth.  Thus,  in 
Greenland,  the  west  declination  is  so  great  that  the  needle 
points  to  the  west ;  and  Parrjr  found  a  point,  in  the  west  of 
Greenland,  where  the  north  pole  of  the  needle  was  turned 
to  the  south. 

The  dip  presents  similar  differences ;  in  our  countries  it 
is  northern,  that  is  to  say,  the  north  pole  is  directed  down- 
ward, and  forms  an  angle  of  70"  with  the  plane  of  the 
horizon.  In  proportion  as  we  advance  toward  the  south,  the 
needle  approaches  the  horizontal  direction,  and,  in  the 
neighbourhood  of  the  equator,  it  is  altogether  parallel  to 
the  horizon :  the  dip  is,  therefore,  nothing.  On  passing 
into  the  southern  hemisphere,  we  see  the  south  pole  of  the 
needle  dip,  and  the  more  so  as  we  approach  the  south  |X)le ; 
going  toward  the  north,  the  contrary  would  have  been  ob- 
served :  thus,  in  one  of  the  hemispheres,  the  dip  is  northern, 
and,  in  the  other,  southern.  These  two  hemispheres  are 
separated  by  a  line  of  no  dip,  upon  all  points  of  which  the 
needle  is  horizontal :  this  nne,  which  cuts  the  equator  in 
different  points,  and  rises  alternately  into  each  hemisphere, 
is  called  ttie  magnetic  equator, 

KAONETio  POiiES  OF  THE  EARTH.-*  In  a  magnet. 
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each  molecule  attracts  iron ;  but  we  may  suppose  that  the 
effects  of  all  these  isolated  elements  concur  in  a  single  point, 
in  like  manner  as,  when  considering  the  weight  of  a  body, 
we  always,  in  imagination,  transfer  it  to  the  centre  of  gravity 
of  the  heavy  body.  These  two  points,  in  which  are  con- 
centrated the  resultant  of  all  the  forces  distributed  in  the 
half  of  each  magnetic  bar,  are  called  its  poles.  In  like 
manner,  the  resultants  of  all  the  magnetic  forces  of  the 
earth  may  be  supposed  applied  to  several  points,  that  are 
called  the  magnetic  poles  of  the  earth. 

In  our  countries,  as  the  majnietic  needle  is  sensibly 
directed  from  south  to  north,  it  &llows  that  the  magnetic 
action  of  the  earth  is  such,  that  the  magnetic  poles  may  be 
considered  as  situated  in  the  neighbourhood  of  the  poles  of 
the  earth :  thus,  formerly  the  action  of  the  magnetic  forces 
was  placed  at  the  poles  themselves  of  the  earth.  More 
accurate  observations  have  shewn  that  this  is  not  the  case. 
All  the  phenomena  occur  exactly  as  if  there  were  two 
magnetic  poles  in  each  hemisphere.  Thus,  in  the  north 
of  America,  there  exists  a  point,  toward  which  the  needle 
constantly  turns.  In  proportion  as  we  approach  this  point, 
the  dippine  needle  increases  in  its  tendency  to  become 
Tertical :  this  point,  which  is  situated  to  the  west  of  Baffin's 
Bay,  is,  therefore,  a  magnetic  pole.  There  exists  another 
in  the  north  of  Siberia.  Two  similar  points  occur  in  the 
south  of  America  and  in  New  Holland.  Although  their 
position  is  not  accurately  determined,  yet  we  cannot  fail  to 
remark  their  coincidence  with  the  poles  of  cold.* 

«  Philoeophera  of  the  present  day  apply  the  term  terrestriiJ  magnetic 
poles  to  the  points  on  the  surface  of  our  globe,  where  the  magnetic  n^le, 
when  suspended  by  its  centre  of  gravity,  renudns  vertical.  In  such  points, 
the  dip  is  equal  to  90°,  and  the  horizontal  intensity  is  necessarily  nothing. 
There  exist  only  two  such  places  on  the  terrestrial  globe.  The  theory, 
recently  published  by  M.  Gauss  on  terrestrial  magnetism,  assigns  them,  in 
tb«  year  1825,  the  following  positions : — 

North  pole,  latitude  73*»  SC,  longitude  97*  SC  W.  (of  Paris). 
South  pole,  latitude  72<»         longitude  151"*  £.  „ 

M.  DupsaKKT,  tnm  the  results  obtained  in  his  late  sdentiflc  expeditions 
to  the  two  poles,  has,  on  his  part,  found : — 

North  pole,  latitude  70»   5',  longitude   99<*  12"  W. 
South  pole,  latitude  75*  20".  longitude  13(f  lO'  E. 

The  term  magnetic  poles  has  sometimes  been  applied  to  the  points,  where 
the  total  intensity  attains  its  maximum  value,  superior  to  the  total  intensity 
of  all  the  neighbouring  points.  It  was  long  tluraght  that  these  points  of 
maximum  Intensity  coincided  with  the  magnetic  poles;  but  we  now  know 
that  they  may  be  very  distant  apart.  There  exirt  two  such  points  in  the 
northern  hendsphere,  one  situated  in  Siberia,  the  other  in  North  America. 
According  to  M.  Gauss's  theory,  this  last  point  would  be  situated  in  54* 
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Confining  oursdvefl  in  the  itiidy  ui  termlrial  ""fr'*'"'. 
in  considering  the  direetioii  of  the  needki  is  onljloQlDng 
upon  one  part  of  the  miestioii,  rinoe  we  oa^  abo  to  ippre- 
ciate  the  intensity  of  toe  fbroe  hj^  whieh  it  it  direeled.  A% 
in  any  force,  this  intensity  diminishes  as  we  leeede  limn  its 
origin,  it  is  therefore  proMble  that  it  will  attain  its  wfliiiw 
at  the  magnetic  equator,  and  increase  as  we  aimroaeh  the 
pole.  Exact  roeasnrements  have  established  ton  truth  in 
the  most  positive  manner.  The  intensity  of  the  magnelis 
force  is  measured  in  the  same  manner  as  that  of  mmtr. 
If  we  deviate  a  magnetic  needle  from  ita  nositioiL  of  equJu- 
brium  in  the  ma^ietic  meridian,  it  will  xetom,  inAin|^ 
like  the  pendulum,  a  series  of  oscillations,  whieh  axe  the 
more  rapid  as  the  terrestrial  magnetism  is  more  intense  at 
the  place  of  observation.  To  he  coavinoed  of  thisi  we  luKfo 
merely  to  count  the  number  of  oscillations  that  a  magnetia 
needle  makes  in  a  given  time.  Suppose  that  this  nnmbsr 
is  ten :  now  place  on  the  idane  ui  the  masnetie  meridian  at 
the  north  of  the  needle  tne  south  pole  ^another  magnet; 
the  latter  acts  in  the  same  direction  as  tenestrial  magnetism; 
it  tends  to  bring  the  needle  back  to  its  natural  positioiit 
and  it  will  execute  its  ten  osdllstions  in  a  much  shorter 
time  than  before.  Thus,  then,  in  order  to  know  the  inten- 
sity of  the  magnetic  force  on  different  points  of  the  globe, 
we  have  only  to  make  the  same  needle  oscillate  at  these 
different  points,  and  see  in  how  long  a  time  it  makes  a 
determinate  number  of  oscillations. 

REGUI.AR  VARIATIONS  OF  TBRRE8TRIAI.  MACK 

NETI8M. — ^The  elements  of  terrestrial  magnetism  that  we 
have  to  study  are  not  so  constant  as  might  be  imagined 
from  what  we  have  just  said.  Let  us  choose  a  magnette 
needle  of  sufficient  length  to  enable  us  to  read  minutes  on 
the  arc  it  describes,  and  suspend  it  to  a  filament  of  silk : 
this  needle  will  never  be  at  rest.  Its  movements  do  not 
depend  on  accidental  shakings  of  the  ground;  this  is  proved 
by  the  certain  regularity  with  which  it  moves.  K  we  note 
its  position  hour^  for  a  month,  and  take  the  mean  of  the 
hourly  obser^'^ations,  we  shall  find  that  in  Germany  and 
France  it  is  in  its  most  easterly  position  at  8  a.m.  ;  it  then 
goes  toward  the  west,  and  between  1  and  2  p.m.  it  has  devi- 

Utitude  N.,  and  101"  W  kmgltade  W. ;  and  the  SIbcrlMi  point  U  71*  W 
Utitude  N..  and  lir  40^  longltade  W.  Whh  regard  to  the  muuima  of  infa- 
dty  of  the  eouthern  hemis|diere»  the  obeeiratloiia  ara  itlU  too  few  hi  tha 
Antarctic  teas  to  enabia  ua  to  lay  whether  thare  ara  ana  or  tvo^  and  to  deter* 
mine  thehr  dtuatimi,  aran  approTlnntaiy.— B. 
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•ted  ■everal  degrees  (minutes  ?)  toward  the  west ;  it  then 
returns  to  the  ^st,  and  about  midnight  it  affects  nearly  the 
same  direction  as  in  the  morning ;  it  then  remains  stationary 
Ibr  several  hours,  and  moves  slowly  toward  the  east.  The 
amplitude  of  these  regular  oscillations  is  greater  in  summer 
thui  in  winter,  and  during  a  fine  than  during  a  cloudy  day. 
In  our  countries  they  embrace  about  15' ;  they  increase  as 
we  approach  the  pole,  and  diminish  in  amplitude  toward  the 
equator.  But  it  nas  been  proved  that  the  north  pole,  in  all 
iMfti^s,  is  directed  more  toward  the  east  in  the  morning  than 
in  the  afternoon. 

The  dip  and  the  intensity  shew  analogous  variations; 
but  hitherto  they  have  not  been  so  much  studied ;  they  are 
always  connected  with  the  unequal  temperatures  of  the 
countries  situated  east  and  west  of  the  place  of  observation. 
Before  noon,  the  countries  situated  on  the  east  being  hotter 
than  those  on  the  west,  the  north  pole  of  the  needle  recedes; 
in  the  afternoon  it  is  the  reverse :  the  north  pole  recedes 
.from  the  hotter  countries  situated  on  the  west,  and  it  again 
turns  toward  the  east.  The  greater  the  difference  of  tempe- 
rature is  during  the  day,  the  more  marked  are  these  oscilla- 
tions :  and  thus  their  amplitude  is  greater  in  summer  than 
in  winter. 

The  dip  appears  to  vary  with  equal  regularity  through- 
out the  year ;  however,  this  element  has  not  yet  been  deter- 
mined by  a  sufficient  number  of  observations. 

IRREGUX.AR     VARIATIONS     OF    TERRESTRIAXi 

BflLAONETlSM. — If  we  choose  very  mobile  needles,  and  are 
able  to  determine  the  position  to  a  few  seconds  nearly,  as 
can  easily  be  done  with  M.  Ganss's  apparatus,  we  then  see 
that,  in  our  countries,  the  needle  does  not  execute  its  move- 
ments in  a  regular  manner ;  it  marches,  for  a  certain  time, 
in  a  very  uniform  manner,  it  then  stops  and  returns  back, 
following  its  accustomed  course.  Even  with  less  perfect 
apparatus,  we  may  convince  ourselves  that  the  needle  moves 
for  several  days  toward  the  east  or  toward  the  west,  and 
then  returns  to  its  mean  direction  in  the  plane  of  the  mag- 
netic meridian.  These  disturbances,  on  one  of  which  we 
are  about  specially  to  fix  our  attention,  exist  in  the  dip  and 
in  the  intensity,  and  are  probably  due  to  an  anormal  distri- 
bution of  temperature  at  the  surface  of  the  globe.  This 
supposition  is  tne  more  probable,  as  the  dip  depends,  like  the 
height  of  the  barometer,  on  the  direction  of  the  wind  and  on 
temperature.  But  these  disturbances  are  manifested  over 
a  more  extensive  surface  than  those  of  the  barometer ;  fot 
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powerful  deviatioiu  have  been  dbienred,  at  one  and  the 
same  time,  in  western  Europe  and  in  tlie  interior  of  Asia. 

These  are  the  principal  fifets  presented  bj  terrestrial  n»g^ 
netism.  In  my  TreaUie  an  Mdeorakgjf^  I  have  pointed  out 
the  laws  and  the  methods  of  observation ;  here  I  OKn  mmplj 
offered  the  facts  that  are  essential  towards  enabling  ns  to 
comprehend  the  windpal  phenomena  of  aarans  boreakii 
that  appertain  to  Meteorology,  beeanse  they  probably  oecor 
at  the  hmits  of  oar  atmosphere. 

AURORA  BORBAUIB  {nortBiMur^  word$ckAt,  pokar^ 
lichter). — Under  these  names  axe  eomprised  the  Inminoos 
phenomena  that  are  seen  in  the  north  by  the  inhabitanta  of 
Europe ;  however,  travellers  have  seen  anrore  in  the  n^gh- 
bourhood  of  the  south  pole :  they  axe  ctUed  turarm  amatra^ 
les  (fudUchter), 

Dark  Segmskt. — According  to  the  nnanimons  testi- 
mony of  observers  in  the  north  of  Europe,  who  have  seen 
many  aurorse  horeales^  their  course  is  as  follows,*  if  we  nay 
believe  M.  Arcelaadar  i  a  dirty  appearance  of  the  sky,  m 
the  neighbourhood  of  the  honnm,  in  the  direction  en  the 
north,  precedes  the  aurora  boreaUs ;  the  colours  soon  be- 
come deeper,  and  a  circukur  segment,  of  a|preater  orless  siae^ 
is  seen  surrounded  by  a  luminous  arc :  this  segment  has  the 
appearance  of  a  thick  cloud.  Beramann  and  M.  Haastaen 
say  that  at  Upsal  and  Christiania  this  segment  is  sometimes 
black,  or  of  a  deep  grey  passing  to  violet.  The  more  we 
advance  towards  the  north  the  blacker  is  thisseffmcnt ;  and, 
in  high  latitudes,  it  can  hardly  be  distinguished.  The  seg- 
ment is  also  perceived  in  lower  latitudes ;  all  the  observers 
in  Germany  noticed  it  in  the  aurora  borealis  of  January  7, 
1831. 

With  the  existence  of  this  segment  is  connected  GMsa- 
lar's  observation,  who  said  that,  in  Sweden,  on  the  high 
mountains,  the  traveller  is  sometimes  suddenly  enveloped  in  a 
very  transparent  fog  of  a  whitish  grey  colour,  passing  slightly 
to  green,  which  rises  from  the  ^und,  and  is  transformed 
into  the  aurora  borealis.  Ancient  observers  have  spoken 
of  this  analogy  between  the  aurora  borealis  and  light  clouds ; 
some  travellers  in  the  polar  regions  have  again  mentioned 
these  appearances.    "Wranaei  says  positively  that,  as  soon 

*  Vidf  alM  an  excellent  deacription  of  the  wirora  boreaUt  by  M.  Lormi* 
in  M.  Pouillbt's  EUmenU  de  Pkfft/otte,  t.  II.  p.  66S,v  and  the  ■ooelnet  reram4 
of  all  the  obMnratlon*  made  on  this  phenomenon  during  the  wintering  at 
Boeekop,  in  a  letter  to  M.  Akaoo.  iCtmyrteM  rmdmt  4tt  I'AcmdL  4e$  Sdemeta, 
t.  X.  p.  289.) 

»  Vide  Note  ir.  Appendix  II ;  and  plates  ?iL  and  tUL 


LUMINOUS  ABC8.  453 

as  a  li;^ht  went  from  the  aurora  to  the  moon,  the  latter  was 
imniciliately  surrounded  with  a  corona ;  frequently  also 
the  light  dissipated  into  slight  clouds,  which  remain  white, 
and  appear  next  day  in  the  vault  of  heaven  under  the  fomi 
of  small  cirro'cummus. 

The  stars  are  very  readily  distinguished  through  this 
black  segment  in  the  north  of  Europe  and  in  Grermany  :  a 
number  of  observers  have  made  this  remark.  It  is  very 
difficult  to  say  what  the  nature  of  this  segment  is ;  on  this 
point  there  are  contradictions  between  philosophers,  who 
nave  made  observations  in  high  latitudes.  M.  strure  ex- 
presses himself  on  this  subject  in  the  following  manner  : 
^Tbe  siratiu  that  rests  on  the  northern  horizon,  and  ap- 
pears to  l)e  the  base  of  all  the  aurora;  boreales  that  I  have 
■een  for  a  long  time  at  Dorpat  Hat.  58^21' N.),  is  not  a 
ck>ud,  but  merely  the  sky  somewnat  darkened ;  very  fre- 
quently, when  it  was  quite  black,  and  very  high  above  the 
horizon,  we  have  seen  the  stars  without  any  diminution  in 
their  brilliancy.  Its  dark  appearance  is  the  effect  of  con- 
trast with  the  luminous  arc.  When  the  segment  is  divided 
and  lighted  up  by  luminous  rays,  they  must  be  attributed 
to  the  light  that  is  shewn  on  points  where  it  did  not  exist 
formerly.**  On  the  other  hand,  M.  Ar^elander  thinks  he 
may  conclude,  from  the  numerous  obser\'ations  that  he  made 
at  Abo  (lat.  60°  27'  N.),  in  Finland,  that  this  dark  segment  Ls 
something  real ;  he  rests  upon  the  fact  that  the  sky  has  a 
darker  appearance  before  the  phenomenon  occurs,  and  that 
the  twili^nt  appears  of  a  reddish  brown,  and  is  gradually 
confounded  witn  the  ol>scure  base. 

The  culminating  point  of  this  segment  is  generally  found 
in  the  magnetic  meridian.  Although  several  exceptional 
cases,  observed  in  high  latitudes,  are  quoted,  yet  the  number 
of  positive  facts  is  sufficient  to  remove  all  doubts  from  this 
subject.* 

*  Tho  summit  of  tlie  arc  doon  not  always  exactly  coincide  with  the  mag- 
netic meridian.  Accidenlal  perturbationa  may  alter  tlie  curvature  of  the 
huuinouA  bands,  and  tlirow  the  point  of  culmination  to  the  riKiit  or  left  uf 
thi*  grvat  circle.  There  even  exist,  in  certain  regions,  constant  causes 
which  tend  to  deriate  the  said  point  to  a  certain  amount,  and  constantly  in 
the  same  direction.  Thus,  at  Abo  (Fhiland),  M.  AauELANDEH  fouml  tliAt 
this  summit  was  1 1**  west  of  the  magnetic  meridian.  At  liosekop  (Lapland) 
the  hylsemating  members  of  the  French  commission  obtained  a  similar 
result.  The  deviation,  in  like  manner,  takes  place  towards  tlie  west  ;  but  it 
is  Tei7  prohalile  that  it  is  less  for  arcs  slightly  elevated  above  the  north  ho- 
rUon,  than  for  the  same  arcs  at  the  moment  of  their  passage  to  the  zenith 
of  the  observer.  The  mean  of  120  observations  gives  7*^  deviation  for  the 
first  of  these  two  cases,  and  14*  for  the  second.  Should  we  eventually  prove 
that  by  ascending  vertically  in  tho  atmosphere  (in  Lapland  and  Finland)  tho 
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LuMi!^ou8  Abc. — The  dark  segmait  is  bounded  b^  M 
luminous  arc ;  from  M.  Aivelaiid«r*s  obflervatioiM,  it  u  of 
a  brilliant  white  colour  passing  slightly  to  blue.  When  the 
twilight  is  not  entirely  over,  it  becomes  a  little  yellowisb,  or 
even  greenish  :  its  width  is  equal  to  one»  two,  or  eren  three 
apparent  diameters  of  the  full  moon.  The  lower  edge  is 
clearly  defined,  but  the  upper  is  only  so  when  the  width  is 
very  limited  ;  it  is  effaced  as  its  width  increases,  and  a  pe- 
riod arrives  when  there  is  no  certain  limit,  but  at  which  its 
luminosity  is  confounded  with  the  brightness  of  the  tky :  its 
brightness  is  then  very  vivid ;  and,  whilst  only  a  narrow  are 
illuminates  the  northern  horizon,  a  wider  arc  illnminatci 
the  whole  sky,  like  the  full  moon  half-an-hour  after  it  has 
risen. 

This  luminous  arc  is  a  portion  of  a  circle  of  which  eadi 
spectator  sees  a  different  part ;  we  may,  with  M.  Hanataaa, 
represent  all  the  phenomena  by  means  of  the  brass  drdes 
placed  near  the  north  pole  on  our  terrestrial  globes,  and  on 
which  the  hours  are  traced.  Suppose  that  a  small  insect  is 
crawling  on  the  globe,  following  the  60*^  parallel  of  north 
latitude,  it  will  only  see  a  part  of  the  circle^  because  the 
greater  portion  is  concealed  from  him  by  the  globe,  and  is 
consequently  below  the  horizon.  The  most  elevated  part  of 
the  arc  visitle  to  him  is  just  at  the  north  :  if  he  approaches 
nearer  the  small  circle,  he  sees  a  larger  portion ;  if  he  is 
below  it,  then  the  circle  is  at  his  zenith ;  if  he  approaches 
the  i)ole,  and  goes  within  the  circle,  then  the  culminating 
point  is  towards  the  south.  The  middle  of  the  aurora  pro- 
bably corresponds  >vith  the  magnetic  pole ;  if  we  are  at  the 
cast  of  the  latter,  the  arc  will  be  directed  from  north  to 
south,  and  the  culminating  point  will  be  in  the  west :  this  is 
actually  the  case  in  Greenland.  In  the  north  of  this  country 
the  arc  is  in  the  south  ;  as  Parry  noticed  it  in  Melville  Isle. 
The  arc  must  also  rise  in  proportion  as  we  approach  the 
north ;  it  must  eveu  sometimes  appear  elliptical,  as  several 
observers  in  Scandinavia  mention. 

When  the  aurora  is  very  brilliant,  we  sometimes  see  one 
or  more  arcs  more  elevated  toward  the  zenith,  and  coucen- 
tric  with  the  first ;  during  severe  frosts,  white  arcs  have 
been  observed  at  a  considerable  height ;  philosophers  regard 

magnetic  ineridiiin  goes  more  and  more  to  the  west,  the  dlrergences  that 
we  have  tx'inted  out  may  l>e  eaiuly  explained:  bj  the  angular  devia- 
tion beyond  the  mafaietlc  meridian  a  valuable  datum  would  be  obtained, 
whence  wo  might  deduce  the  veitical  elevation  of  the  an»  of  the  aurora 
borealia. — B. 
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them  a**  reflections  of  the  aurora  ])orealis,  the  light  of  which 
is  rctlceted  to  the  ()])<crvers  by  frozen  particles,  and  forms  a 
brilliant  arc  on  the  sky. 

Kai>iation. — When  the  luminous  arc  is  formed,  it  fre- 
quently remains  visible  for  several  hours ;  however,  it  is  not 
motionless,  but  in  perpetual  movement.  The  arc  rises  and 
falls ;  extends  toward  the  west  and  the  east,  and  breaks  in 
various  places.  These  motions  become  very  remarkable, 
when  the  aurora  borealis  extends  and  shoots  forth  rays :  the 
luminous  arc  then  becomes  more  brilliant  at  one  point,  it 
encroaches  upon  the  dark  segment,  and  a  brilliant  lieht, 
like  that  of  the  arc,  ascends  toward  the  zenith.  Its  width  is 
nearly  that  of  the  apparent  semi-diameter  of  the  moon, 
rarely  more ;  it  is  more  brilliant  in  the  middle,  and  less  to- 
ward the  edges,  which  arc  perfectly  detached  on  the  azure 
of  the  sk^.  This  ray  darts  with  tne  rapidity  of  lightning 
to  the  middle  of  the  vault  of  the  skies,  it  is  divided  above 
into  several  secondary  rays,  and  takes  the  appearance  of  an 
illuminated  pencil;  now  it  frequently  ascends  vertically, 
larely  making  an  an^le  with  the  horizon.  Sometimes  it  is 
eloi^ted,  at  other  tunes  shortened,  and  scarcely  ever  pre- 
•er\'es  the  same  form  for  several  successive  minutes ;  but  it 
moves  toward  the  east  and  the  west,  and  bends  like  drapery 
shaken  by  the  wind ;  it  then  gradually  becomes  paler,  and 
finally  disappears,  to  give  place  for  other  rays.  If  these 
rays  are  very  brilliant,  they  sometimes  present  tints  of  a 
ffreen  or  of  a  deep  red  colour ;  if  they  do  not  rise  to  a  great 
height,  then  the  arc  resembles  a  comb  furnished  witn  its 
teeth. 

NoBTHBBN  CoBONA. — When  the  rays  darted  forth  by 
the  luminous  arc  are  very  numerous,  and  their  palpitating 
lights  rise  to  the  zenith,  they  form  a  northern  corona,  the 
centre  of  which  is  on  the  uipping  needle  produced :  this 
corona  forms  the  most  beautiful  and  the  most  remarkable 
portion  of  the  phenomenon.  The  whole  sky  seems  to  be  a 
cupola  on  fire,  supported  by  columns  of  divers  colours. 
Wnen  the  rays  are  darted  less  vividly,  the  corona  soon  dis- 
appears ;  here  and  there  a  pale  light  is  visible,  which  mo- 
mentarily increases,  and  is  tnen  extinguished,  together  with 
the  luminous  arc. 

The  intimate  connexion  of  the  aurora  borealis  with  ter- 
restrial masnetism,  proved  by  the  position  of  the  arc  and 
of  the  nortnem  corona,  is  stiU  more  evident  when  the  co- 
lumns are  considered.  "Wilke,  who  has  directed  his  atten- 
tion to  this  point,  has  endeavoured  to  prove  that  all  the  rays 
are  parallel  to  the  dipping  needle :  the  same  is  the  case,  ac- 
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cording  to  M.  Haatttw,  with  the  bkck  ny»  of  tht  «inir», 
correspoading  to  the  bkck  i^giiient.    We  indeed  very  fire- 

Jiuently  see  black  rajB,  or  columiis  of  the  Mine  eoloar,  rise 
ike  smoke  below  the  Inminoiu  tic  or  the  electric  Murora ; 
these  black  rays  have  the  fame  mobili^,  and  ehanffe  aa 
quickly  aa  the  Inminoos  raya.  M.  Haasteen  and  ouera 
have  distinctly  Been  them  in  Norway;  however,  authors 
rarely  doubt  this. 

Admitting  that  the  rays  axe  oolunins  of  greater  or  less 
elevation,  parallel  to  the  mpping  needle,  we  can  understand, 
from  the  laws  of  pernpectiv^  that  they  most  apparentljr 
unite  in  the  direction  or  the  dipping  needle  produced;  it  is 
the  same  illusion  as  that  proanoed  on  a  field  hjr  «  gi^ 
number  of  parallel  fhrrows,  which  seem  to  unite  m  «  point 
situated  on  the  prolongadon  of  the  fhrrow  that  passes 
through  our  eye.  The  raminons  arc  above  a  black  segment 
has  the  same  origin;  if  it  rises  suffidently  high  in  the 
heavens,  it  sometnnes  seems  broken  in  this  point :  whence 
we  are  justified  in  concluding  that  it  is  composed,  like  the 
rest  of  the  aurora,  of  luminous  pencils,  parallel  to  the  dip- 
ping needle,  and  which  have  not  the  appearance  of  a  conti- 
nuous luminosity,  only  because  the  mtenrals  are  filled  by 
series  of  pencils  placed  behind  each  other. 

EXTSNT  OF  AURORA  BORBAXiES.— We  may  per- 
ceive isolated  aurors  borcales  over  a  very  extended  space ; 
the  same  aurora  has  frequently  been  seen  in  the  whole  of 
the  north  of  Europe  and  in  Italy.  January  5,  1769,  a 
beautiful  aurora  was  seen  in  Pennsylvania  and  in  France ; 
the  beautiful  aurora  of  January  7,  1831,  was  admired  in  all 
central  and  northern  Europe,  and  Lake  Erie,  in  North 
America.  Other  analogous  examples  may  be  quoted.  We 
may  hence  conclude  that  a  great  portion  of  the  ^lobe  is  con- 
cerned in  the  production  of  the  phenomenon ;  its  grandeur 
becomes  still  more  striking,  when  we  reflect  that  aurora  bo- 
realcs  have  l)een  seen  at  the  same  time  at  both  poles  of  the 
globe.  If,  indeed,  we  analyse  Cook's  observations,  we  find 
that  every  time  he  observed  an  aurora  australis,  mention  is 
made  by  observers  of  aurora;  boreales  seen  in  Europe,  or  at 
least  the  agitation  of  the  magnetic  needle  proves,  that  they 
did  exist  in  the  neighbourhood  of  the  north  pole.* 

*  The  following  arc  a  few  facts,  of  more  recent  date,  to  which  the  names 
of  the  ob)ier%-enii  give  great  aathority. 

The  aurora  burealis  of  October  18.  IS36,  was  seen  at  Dorpat,  by  M. 
Stbuve  ;  at  Caen,  by  M.  Mabson  ;  at  Cherbourg,  by  MM.  Gacbot  and  Vk- 
auAMOB;  at  Corblgny  (Nidvre),  by  M.  Chaeb,  civil  engineer;  at  Genera, 
by  .M.  Wakimann  ;  and  at  Fori!  (Roman  States),  by  M.  BLattsccci.  At 
Geneva,  the  height  of  the  luminous  arc  was  25**;  at  Dorpat,  90* ;  M.  Waet< 
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FBRIODIOITY  OF  AURORA  BORBALB8.  —  The 
fiict,  that  aurorse  boreales  are  frequently  visihle  at  places 
differing  greatly  in  longitude  from  each  other,  sufficiently 
proves  that  they  are  not  manifested  at  any  determinate  hour 
of  the  night ;  tney  are  seen  both  in  the  evening  and  in  the 
morning.  According  as  their  light  is  more  or  less  intense, 
they  may  be  seen  at  a  greater  or  a  less  period  after  sunset. 
Rlduurdson  saw,  near  Bear  Lake,  the  palpitations  of  the 
aurora  before  the  total  disappearance  oi  the  light  of  day ; 
during  the  day  he  had  seen  clouds  arranged  in  arches  and 
oc^umns,  like  the  light  of  the  aurora.* 

Their  appearance  is  subject  to  an  annual  period;  this 

Eeriod  would  be  still  more  evident,  if  it  were  not  disguised 
y  the  unequal  length  of  the  davs  in  the  different  seasons. 
Suppose,  indeed,  that  at  every  hour  of  the  day  and  night, 
ihere  was  an  equal  possibility  for  the  production  of  the 
aurora  borealis,  then  the  number  of  those  that  would  be 
seen  in  winter  must  be  greater  than  that  of  the  summer 
aurora,  because  the  prolonged  darkness  permits  us  to  see 
them  more  frequently.    If,  then,  they  were  more  frequent 

jiAKir,  therefore,  concluded  that  the  aurora  has  an  elevation  of  200  leagues 
abore  the  surface  of  the  earth.  At  Paris  the  weather  was  cloudy,  but  the 
■nrora  waa  announced  and  indicated  by  the  agitation  of  the  magnetic 
needle. 

Another  aurora,  that  of  September  3,  1839,  was  observed  in  the  Isle  of 
Sky,  lat.  57^  22^  N.,  by  M.  NiCKEm  db  Sadssdre  ;  at  Paris  by  the  astronomers 
of  the  Observatory ;  at  New  Haven,  in  Connecticut,  by  Blr.  UjEaaicK  ;  and 
at  New  Orleans,  by  observers  worthy  of  credit. 

As  Cur  as  what  latitude  are  aurone  visible  ?  Aurora  are  related  as  having 
heen  seen  at  Macao,  at  Caraccas,  kc. ;  but  the  following  is  the  most  remarlc- 
able  of  all  the  observations  that  have  come  to  my  knowledge.  January  14, 
1831,  M.  Lafond,  commanding  the  brig  Candid,  being  in  45**  south  latitude, 
and  in  the  longitude  of  the  centre  of  New  Holland,  saw  in  the  N.E.,  between 
9  and  11  p.  m.,  an  aurora  borealis  which  he  describes  and  ciiaractcrises  per- 
fectly. (Vide  Comptes  rendu*  de  VAcad.  dtt  Sa'enee$,  t.  iv.  p.  589 ;  t.  iil. 
UD.  518,  536.  and  585 ;  t.  ii.  p.  329 ;  t.  ix.  pp.  354,  374,  and  603 ;  t.  xii.  p.  347.) 

M. 

*  It  follows,  from  the  observations  made  by  the  French  commission  in 
the  north,  that  this  succenion  of  phases,  through  which  the  aurora  borealis 
paases,  is  subject  to  an  incontestable  diurnal  periodicity,  which  is  manifested 
when  the  numl>er  of  observations  is  considerable.  Thus  the  arches,  the  rays, 
Uie  coronn,  do  not  appear  indifferently,  or  at  least  with  equal  facility,  at  all 
hours  of  the  night.  The  rays,  coloured  red  and  green,  the  most  brilliant 
part  of  this  beautiAil  meteor,  which  act  so  powerftilly  on  the  magnetic 
needle,  M*e  for  the  most  part  manifested  about  ten  o'clock  in  the  eveuing  ; 
and  their  appearance  is  rare  after  four  o'clock  in  the  morning :  the  nebulous 
plates,  of  a  grey  and  continually  varying  light,  prevail,  on  the  contrary, 
during  the  second  half  of  the  night. 

The  same  periodicity  is  found  in  the  displacements  of  the  magnetic 
needle,  which  are  subordUnate  to,  or  at  least  simultaneous  with,  the  aurone ; 
it  is  found  in  the  state  of  those  needles,  which  are  more  calm  or  disturbed 
according  to  the  different  hours  of  the  day :  it  is  understood  that  the  habitual 
diurnal  solar  variatimi  must  be  previously  calculated,  and  subtracted  from 
the  effects  of  the  aurora  borealis,  before  drawing  any  oondudons  from  the 
obserrations.— B. 
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in  winter,  it  woold  be  voy  leidfly  eiplalned  by  tl^ 
gtance ;  but  Malna  and  others  have  alieai^  obKired,  that 
their  number  uras  veiy  oonaiderable  about  toe  poiod  of  the 
equinoxes.    The  foUowing  table  xeprawnta  the  nmnber  of 
aurorse  that  have  been  seen  in  each  month : 

NUMBEB  07  AUBOBJB  BOBBALH  XV  BACH  MOHTB. 


January  229 

February 807 

March 440 

April    812 

May     184 

June    65 


July    87 

Angost    217 

September  • 405 

October   497 

KoYember 285 

December  225 


If,  therefore,  the  number  of  anronB  is  greater  in  winter 
than  in  summer,  it  is  on  account  of  the  greater  leoffth  of  the 
nights :  we,  hovrever,  And  two  auuMia,  one  in  lunch,  the 
other  in  September  cmd  October;  hi  Mch  of  these  months 
they  are  much  more  ftequent  than  in  the  winter  months. 

Besides  this  annual  period,  there  is  another,  a  secular 
period,  on  which  we  know  nothing  positive.  We  find  that, 
for  a  certain  number  of  years,  there  is  abundance  of  aurors ; 
then  their  number  diminishes,  they  become  rare,  and,  at  the 
end  of  a  certain  time,  they  become  more  frequent  A  period 
of  this  kind  is  comprised  between  1707  and  1790 ;  it  attained 
its  maximum  about  1752 ;  there  was  then  a  series  of  twenty 
years,  during  which  they  were  more  rare,  but  from  the  year 
1820,  they  have  again  become  more  common.* 

HEIGHT  OF  AURORA  BORBALES.— Many  philo- 
sophers and  astronomers  have  endeavoured  to  determine  the 
height  of  aurore  boreales  above  the  surface  of  the  earth,  by 
comparing  the  apparent  height  of  the  arc,  as  seen  at  diflerent 
places ;  but,  as  it  is  probable  that  each  observer  sees  his  own 
particular  arc,  the  results  thus  obtained  are  not  certain: 
experience  supports  this  opinion.  Thus  MM.  Christie 
and  Haiuiteen  calculated  the  height  of  the  aurora  of 
January  7,  1831 ;  but,  on  combining  then:  observations,  we 
find  heights  varying  between  37  and  192  Idlometres. 
Ancient  philosophers  attributed  to  aurone  a  height  of  at 
least  750  kilometres ;  modem  observers  have  reduced  this 
height  to  150. 

*  From  September  12, 1S3S,  to  April  IS,  IS39,  the  French  obfenrert,  who 
were  wintering  at  Boeekop,  under  the  70th  degree  nf  north  Utitude,  countwl 
153  aurone  boreales,  perfleotly  cbaraeterifled,  and  eiz  or  leven  doubtlhl  ones. 

From  January  I  to  September  8, 1BS9,  BIr.  HnaiOK  reglatered  twenty- 
two  aurone  borealee  at  New  Haven,  Ut.  41"  18'  N.,  long.  7ft*  IS'  ~     ~  ~ 
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Whilit  ancient  philoeophcn  gave  the  aurora  borealis  a 
beight  above  that  of  our  atmosphere,  some  modern  observers 
think  that  it  does  not  exceed  the  region  of  the  clouds ;  lately 
MM.  TUmeiBaiiii,  Wraatal,  and  Stmve,  Hssiga  it  a  veiy 
inconsiderable  height.  It  is  chiefly  to  the  shepherd  Farqa- 
barvon,  at  Alford,  in  Aberdeenshire,  that  we  are  indebted 
for  a  long  serie*  of  observations  oa  aurorte ;  and  he  endea- 
voured to  prove  that  their  height  is  inconsiderable.  Thus 
he  once  saw  a  very  extensive  mass  of  clouds  on  the  horizon 
in  the  N.  and  N.E.,  whilst  the  rest  of  the  skj  was  clear; 
this  mass  was  illuminated  by  the  rays  of  the  aurora  that 

Iirung  out  of  it,  as  if  by  the  moon  at  its  full,  whilst  other 
oudi  in  the  sky  were  not  illuminated.  It  was  impossible, 
ne  said,  to  assign  to  this  aurora  a  crcater  distance  than  tlist 
of  the  clouds,  or  to  doubt  their  both  forming  part  of  a  single 
phenomenon.  December  SO,  1829,  a  very  brilliant  aurora 
was  visible  from  half-past  B  to  11  p.m.,  above  a  bank 
of  very  thick  clouds,  that  covered  the  tops  of  the  mountains 
■itaated  at  the  north  ofthc  place  at  which  he  dwelt:  although 
the  rest  of  the  sky  was  clear,  yet  the  aurora  did  not  go 
beyond  a  height  of  20  d^reee.  At  the  same  lime,  another 
Protestant  minister,  Mr.  James  Psoii,  at  Tullynvssle,  4  kilo- 
metrei  from  Alford,  saw  that  the  aurora  possessed  an 
nnusual  clearness  in  the  zenith,  so  that  its  height  did  not 
perhaps  exceed  1300  metres. 

The  observations  made  by  English  sailors  in  the  mirth 
seem  to  lead  to  the  same  results;  ParrT  Rays  that  he  has 
even  seen  a  n^  of  the  aurora  borcalis  dart  towards  the 
earth,  at  a  little  distance  before  him.  When  aurorte 
boreales  are  viaible  over  a  great  part  of  the  earth,  it  would 
follmr  that  their  rays  extend  over  a  great  surface. 

NOISE  AOCOHPANVIMG  THE  AURORA  BORBA- 

UB. —  In  high  latitudes,  some  obNcrvers  have  heard  a  par- 
ticular noise  during  the  aurora  borcnliSn  some  compare  it  to 
the  mstling  of  silk  stuff,  when  rolled  upon  itself;  others  to 
the  crack  of  the  electric  siwrk ;  some  to  the  noise  of  a  fire 
a^taled  bv  the  wind.  This  noise,  it  is  said,  is  the  more 
intenM  wnen  the  rays  are  darted  with  vigour.  Other 
obaervers,  worthy  of  all  confidence,  have  never  beard  the 
leiM  Doiie  in  Scuidinavia ;  the  English  do  not  apeak  of  it  in 
their  voyages  to  tlie  north  ;  TUcnerauui,  in  Iceland,  and 
Wtaacai,  on  the  coasts  of  Siberia,  have  never  heard  any 
thing :  be  it  as  it  may,  it  would  follow  that  thb  noise  does 
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to  whkh  no  attention  is  paid  wIhb  theMmdiiilhUadedby 
other  noises,  but  which  it  notified  whca  «c  eoBteapbie 
tranqoill J  an  eztraordinarj  phenomeiioa.  If  a  aa^ 
observer  had  been  able  to  meaaura  the  interfal  that  hsd 
eUmsed  between  the  dartii^  of  the  twyu  and  this  uamtt  not 
onfy  would  its  leali^  have  been  prared,  hot  we  nqi^efea 
deduioe  from  it  the  height  of  anionft  bonaka.  No  one  hv 
ever  spoken  of  this  intenraL  If  we  anppoae  Ibr  iSbt  jmji%  a 
distance  of  two  mynametresi  Icannot  aay  whether  the  noitt 
would  reach  us ;  during  slorais^  I  have  never  iband  that 
more  than  forty  secondi  elapsed  between  the  U^itaiqgsnd 
the  thunder.  It  would  not  be  comet  to  cite  m  thispbee 
the  diirtances  to  which  the  ncHse  of  cannon  baa  leadied:  hi^ 
on  the  one  hand«  the  ground  transmita  aoond  more  qnekly 
than  air,  and,  on  the  other  hand,  this  sofond  kpropagsted  m 
a  stratum  of  air  of  the  same  temperatnre,  whibt  tnat  whUk 
is  produced  in  the  hisber  strata  of  the  atmoi^heie  is  tnB»> 
mitted  into  strata  of  different  density.* 

STATE  OF  THB  ATKOSPHBmB  DUmiM O  AUBOU 

BOREAitES.  — The  connexion  between  the  aurora  boreslii 
and  certain  states  of  the  atmosphere  is  not  less  problem- 
atical than  the  noises  that  accompany  it.  In  all  countries, 
where  they  frequently  appear,  all  the  changes  that  occur  in 
the  weather  are  attributed  to  the  aurora ;  but  the  results  are 
so  discordant,  that  it  is  impossible  to  draw  ftt>m  them  any 
reasonable  conclusion,  and  the  more  so  as  the  observations 
are  never  applicable  except  to  a  determinate  locality.  Now, 
as  the  aurora;  are  not  only  visible  in  Europe,  but  also  in 
America,  we  ought  to  know  the  mean  state  of  the  atmo- 
sphere over  great  spaces  after  auroras:  this  is  not  possible  in 
the  present  state  of  practical  Meteorology.  We  may  drsw 
one  solitary  conclusion  from  all  existing  observations;  it  is 
that  brilliant  aurone,  which  dart  much  into  rays,  are  Cie- 

*  During  their  wintering  at  Roeekop,  MM.  Lorrni,  Bkatab,  Liuii* 
ottOE,  and  Siuesuksm,  nerer  heard  any  particular  nolae  durlnf  auroni 
borealcs.  On  returning  to  France,  through  Lapland  and  Sweden,  M.  Bba* 
TAts  and  myself  inquired  of  all  the  intelligent  pertons  that  we  met.  To  oar 
quenion,  Hare  rou  heard  the  noise  of  the  aorara  h<n«alea?  their  aaavir 
was  almost  always  afHrmatiro ;  but,  when  we  Inquired  what  the  nature  of 
this  noise  was,  we  obtained  the  most  contradictory  repllea.  When  we 
Insisted  on  the  poitsibility  of  confounding  it  with  the  noise  of  the  wind,  that 
of  agitated  trees,  the  rustling  of  snow  swept  belbre  the  wind,  or  the  mnnnar 
of  the  wares  of  the  sea,  wc  arrived  at  the  couTicUon  that  these  obaerrers 
were  not  on  their  guard  against  all  such  causes  of  errors :  these  noiaea  struck 
them  in  the  silence  of  the  night,  and  because  they  were  oonoomitant  with  a 
brilliant  phenomenon,  which  attracted  their  attention.  Thus  these  persons 
themselTes  were  Anally  led  to  share  in  our  incredulity,  and  to  confess  that 
they  had  adopted  the  receiTed  opinion,  but  that  their  conHetion  ««•  not  the 
result  of  an  attentive  and  fUthful  obsenrmtion.— M. 
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dnently  the  precnnore  of  ffusts  of  wind,  and  of  an  anormal 
^rtribution  of  heat  over  the  surface  of  the  globe.  But,  as 
this  subject  is  at  present  little  known,  I  will  not  dwell  upon 
it  lon^. 

It  is  also  equally  impossible  to  say  whether  the  atmo- 
spheric electricity  is  generally  more  powerful  than  usual ;  if 
certain  obseivers  have  re^stered  this  fact,  no  one  has  well 
studied  the  nature  of  this  electricity  when,  with  a  serene 
sky,  the  aurora  borealis  has  not  been  seen  in  the  heavens. 

TERRESTRIAXi  MAGN£TI8M  DURING  AURORJE 
BORSAIaES. — ^The  connexion  between  aurorae  boreales  and 
terrestrial  magnetism  cannot  be  denied  ;**  the  culminating 
point  of  the  arch  is  found  sensibly  in  the  magnetic  meridian, 
and  the  centre  of  the  northern  corona  in  the  line  of  the 
dipping  needle  produced ;  moreover,  the  magnetic  needle  is 
▼ery  much  agitated  during  aurorse,  as  Celsius  and  Hlorter 
saw,  for  the  first  time,  at  Upsal,  March  1,  1741.  Some- 
times it  is  deviated  several  minutes  or  degrees  to  the  east,  it 
is  agitated,  and  returns  slowly  or  rapidly  into  the  plane  of 
the  meridian,  which  it  occasionally  passes  to  go  toward  the 
west.  The  oscillations  of  the  needle  are  as  variable  as  the 
aurorse  boreales  themselves.    Sometimes  the  needle  is  very 

Suiet ;  but  this  happens  when  the  arc  is  motionless  on  the 
orizon;  as  soon  as  it  commences  to  dart  forth  ra^s,  its 
declination  changes  every  moment:  this  happens  m  our 
latitudes,  even  when  the  aurora;  are  not  visible  except  near 
the  pole.  The  connexion  existing  between  the  rays  of  the 
aurora  and  the  movements  of  the  needle  has  not  yet  been 
sufficiently  studied;  we  are  ignorant  whether  the  north 
pole  is  attracted  or  repelled :  and  this  cannot  be  known, 
without  making  a  great  number  of  corresponding  obser- 
vations. 

According  to  "Wilke,  the  dip  is  as  variable  as  the  declina- 
tion during  great  aurorae  boreales ;  the  needle  rises  and  falls 
with  the  northern  corona :  the  same  remarks  are  made  upon 
the  intensity.  According  to  M.  Haasteen,  it  frequently 
increases  greatly,  a  short  time  before  the  appearance  of  the 
aurora ;  but,  as  soon  as  the  aurora  begins,  it  diminishes  in 
proportion  to  the  brilliancy  of  the  meteor,  and  it  then 
returns  slowly  (frequently  not  until  the  end  of  twenty- four 
hours)  to  its  primitive  value:  other  observers  have 
established  this  fact.* 

M  Vide  Note  m.  Appendix,  No.  U. 

•  M.  BmAVAis  conelnded,  from  his obMirftUons  at  Botekop  (Ut.  69"  58'  N.) 
an  the  variations  of  vertical  intensity  (vertical  compiement  of  the  magnetic 
fbroe),  that  this  elemeot*  on  the  appearance  of  aurora  boreales,  undergoes 


OAVSE  OF  A.USORS  BOREAI.ES.  —  Althoq^  tbty 

■re  endi'iitlj  intimiitcly  coaiiecled  with  magnetism.  '  ' 

""  1    .  ..  ■  ■  n  b,      UDcloubt 


impomblc  to  say  vthat  this  connexion  b.  UDcloubtedlT  «c 
an  tolerably  well  acquainted  with  tlie  latn  of  ibc  diiitrjlni- 
tioa  of  mttgnctism  on  the  sarikce  of  the  earth,  but  nv  «ii! 
jvt  JMMirant  whether  the  earth  is  composed  of  magnetic 
puticles,  or  whether  interior  magnetic  cnrrents  detcnuiiie 
tbe  direction  of  the  needle :  one  tiling  ia  certain,  thM  the 
dutribntion  of  magnctititn  is  connected  with  that  of  beit, 
tfie  [lole^  of  cold  and  the  magnetic  polca  probably 


Imagine  any  cftuse  whatever,  mch  as  the  auonnil  di»- 
tribntion  of  temperature,  to  disturb  the  etjiiilibriuni  of  tht 
BU^IMtic  fluid,  and  increase  its  force ;  then  then:  is  a  cog- 
netio  Blrark,   likt  tlinl   proiiiiccd   bv   an   nrtificial   nutniet- 

T«ke«-i,!..'viiv  ,,-,., v-.i":t',  ^ifk,  ■.,.•^,^;^^;  ;;..>of 


extremitj  of  the  wire,  ao  that  it  may  not  be  &r  dktaut  hum 

BU(iiMUc  dseUniiiliin.  dip  ud  SwIzonUI  IntBuUr-    H*  hai  Un  urtnd  « 

dip gnitrtUj dlinlnWiei, *nd  Ifac  borimnUliatHuttT  Inc 

AI  the  unwtlnu.  ubd  llkflwtnucordlnf  totb«  akUH  l_-_.  ._ 
il  tbe  wot,  Uu  Tenlcil  intanrtlj  In 
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the  copper  plate,  and  may  be  at  liberty  to  touch  it :  you 
will  Bee  a  spark  between  the  two  extremities  of  the  wire 
every  time  you  break  or  make  the  circuit,  that  is  every  tune 
yon  change  the  magnetic  state  of  the  magnet. 

The  aurora  borealis  appears  to  be  an  analogous  phe- 
nomenon, due  to  a  rupture  m  the  magnetic  equilibrium  of 
the  elobe ;  but,  to  explain  all  the  circumstances  presented 
hy  ute  aurora,  is  impossible  in  the  present  state  of  our  know- 
le^bze.  In  my  Treatise  on  Meteorology,  I  have  discussed  the 
cUfrerent  hypotheses  put  forth  on  this  subject ;  jierhaps  the 
magnetic  effluvia  are  spread  in  the  ranfied  air  like  the 
electric  fluid  m  vacuo,  and  we  can  imagine  that  their  direction 
would  be  that  of  the  needle  when  freely  suspended. 
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SHOWER  OF  OORN.— After  beayy  nins,  bodies  have 
frequently  been  found  on  the  ground,  that  powcicd  a  dis- 
tant analogy  to  grains  of  corn,  and  appeared,  like  the  latter, 
to  be  composed  mostly  of  farina ;  but  it  has  lonff  ago  been 
demonstrated,  that  these  were  not  grains  of  cereau,  and  that 
they  had  not  fallen  from  the  skj.  MM.  Gto«pv«rt  and 
Treriranus  have  lately  studied  this  subject. 

In  June  1830,  there  were  found,  near  Greisan,  a  village 
of  Silesia,  after  a  rain-storm,  a  certain  number  of  bodies  of 
a  vegetable  nature  on  places  covered  with  turf.  These  cor- 
puscules  were  exteriorly  of  a  ydlowish  brown,  of  a  trans* 
parent  white  within,  spherical,  occasionally  ej^lindrical,  being 
irom  4  to  18°"°  long,  and  from  2  to  4  in  mameter.  Hiey 
had  the  taste  of  fanna,  but  left  in  the  mouth  a  sharp  and 
burning  after- taste.  By  rapid  desiccation,  the  sharp  taste 
disappeared,  and  the  grain  had  then  the  flavour  of  an 

water  resulting  ftom  a  deooetkm  of  imtiiaeh.  W«  ooUeotod  this  ■dow  s  and 
on  being  melted*  it  gave  a  sUghtly  oolonred  water.  In  another  excaruaa,  I 
found  this  green  matter,  ntrMd  like  dost  on  the  tnrikoe  of  a  field  <^«iow, 
the  greater  portion  of  which  was  corwred  with  an  enormooa  qoantitj  of 
k^rma/ococau  nivalis.  Beneath  the  sorCsoe,  and  at  the  sides  of  the  field,  the 
snow  was  also  coloured  green.  I  collected  the  green  matter  firam  the  iiufiwe* 
and,  after  a  certain  time,  it  was  deposited  at  the  bottom  of  the  venel ;  I  ihmk 
decanted  the  greater  portion  of  the  liquid  that  remained  oolouriees. 

A  drop  of  this  liquid  was  placed  on  the  object  pl&te  of  a  microscope,  illn- 
mlnated  according  to  M.  Dujardin's  method.  Tliis  skllftil  obsenrer  was 
present,  as  well  as  M.  Biot.  and  we  established  the  following  facts.  The 
water  was  filled  with  a  green  amorphous  matter,  in  the  midst  of  which  we 
distingruishcd  perfectly  spherical  green  grains  of  profoeocnu.  We  also 
noticed  some  of  a  red  tint,  and  much  larger,  and  also  others  scarcely  of  a  roee 
tint,  and  which  in  some  wore  intermediate  between  the  two  former.  I  after- 
wards examined  these  red  and  rosy  grains  by  the  microscope,  and  found  that 
this  green  snow  was  composed  of  granules  rarying  in  sise  and  colour. 

Some  appeared  iimpte  ;  they  wore  green  or  of  a  pale  rose  coloar,  and 
firom  0,01  to  0,05  millimetres  in  diameter ;  a  few  rare  specimens,  of  a  blood  red 
colour,  were  0,03  millimetres.  Other  globules  appeared  comptnmdt  namely 
formed  of  an  enrelope  containing  ^bules  in  the  interior.  Thdr  diameter 
was  flrom  0,05  to  0,05.5  millimetres.  M.  Moktaoue  was  rery  anxious  to 
examine  them  with  me,  and  to  toko  sketches  of  some  of  them,  under  a  mag- 
nifying power  of  3000  times.  It  had  thick  sides,  and  contained  flvc  red 
granules.    I  could  never  distinctly  see  a  globule  containing  green  granules. 

Haring  made  a  comparative  examination  of  the  red  snow  {k^tmatococcMt 
nivalis)  collected  in  the  neighbourhood  of  this  green  matter,  we  were  able  to 
verify  the  identity  of  the  red  globules  of  green  snow  with  those  of  red  snow. 
This  latter  presented,  moreorer,  red  chapelets  of  greater  or  less  lengths, 
formed  of  simple  globules  attached  end  to  end,  and  recalling  to  one's  mind  the 
moUnlfbrm  appearance  of  species  of  the  genus  iarula.  It  is  evident,  trom 
what  we  have  just  said,  that  the  green  snow  (protococevs  viridis)^  and  the  red 
snow  (Jktetnatococcta  nivalis)^  are  one  and  the  same  plant  in  different  states ; 
but  it  is  difficult  to  decide  which  is  the  primitive  state.  However,  on  reflect- 
ing that  we  see  colourless  utricles  containing  red  granules,  which  become 
firee  when  the  mother  utricle  disappears,  we  may  reasonably  suppose  that  the 
red  colour  is  i)eculiar  to  the  young  globules,  which  afterwards  become  green 
under  the  influence  of  light  and  air.  Now,  we  can  imagine  that,  if  the  snow 
is  not  very  old,  or  if  it  is  swept  by  winds,  as  is  more  flrequently  the  case, 
especially  in  mountains,  the  red  hamatococcui  has  not  time  to  become 
Sreen.— Bi. 
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iMteuei^te  researches  have  shewn,  that  these  grains 
'%$^  pf  the  ficaire  (ranunculus  ^aria  Z.)i  a  plant 
MvfQMMB  nig  isf.  Silesia.  In  the  middle  of  June,  the  leaves 
JMlllIlciiff  iauiis  spring-plant  dry  up,  and  nothing  but 
xnaiiuf  p^' which  consist  of  from  six  to  twenty  small 
da  iUfiJbd  to  feeble  radicles.  A  heavy  rain  draws  up 
tahm^ijclesy  separates  them  frt>m  the  root,  and  carries 
tett  to  ip^  ^dined  places ;  thus,  they  are  frequently  found 
lAer  lanVAff  but  no  one  has  yet  seen  them  fall  with  it. 

T^mMd  tubercles  have  long  been  observed  in  various 
amaLJMMf  but  their  true  diaracter  was  not  recognised.  Seeds 
if  Miff^^td  plants,  drifted  and  accumulated  in  certain  points 
ly  iMEreavy  rains,  have  been  also  taken  for  products  of  the 
tteJBOsphere:  such  as  the  seeds  of  melampyrvm  nemorosum^ 
Jntnmica  hedertB/oUoj  &c.  No  one  will  oe  astonished  that 
gusts  of  wind  should  thus  transport  seeds  and  fruit 

8HOWER8  OF  ANiMAliS. — Small  animals,  such  as 
frogs,  fish,  snails,  &c  sometimes  appear  to  fall  with  rain :  at 
least  they  are  found  in  great  numbers  in  fields  after  rain ; 
but  they  are  animals  carried  by  the  wind,  drifted  by  the 
rains,  or  invited  out  of  their  retreats  by  the  moisture.  It 
has  lately  been  maintained  that  these  animals  actually  fall 
from  the  sky,  even  in  calm  weather.  To  all  these  assertions 
I  know  no  other  answer  than  that  which  one  of  the  most 
distinguished  naturalists  of  the  age  made  to  some  one  who 
assured  him  that  he  had  seen  one  of  these  phenomena  with 
his  own  eyes :  *^  It  is  fortunate,"  he  said,  **  that  you  have  seen 
it,  for  now  I  believe  it ;  had  I  seen  it  myself,  I  should  not 
have  believed  it.** 

DRY  FOO  (irockener  nebel,  hoeJierauch,  ?utaryauck,  land- 
nmchj  sonnenrauch^  moorrauch,  heiderauch). — This  pheno- 
menon occurs  in  south  Grermany  in  the  following  manner : 
When,  during  the  day,  the  sky  is  perfectly  clear  and  free  of 
douds,  the  blue  of  the  sky  has  not  its  ordinary  azure  tone ;  it  is 
dull,  without  presenting  the  tint  that  is  observed  when  fine 
drri  disturb  its  transparency :  in  this  latter  case,  the  white 
colour  is  predominant ;  with  the  dry  fog,  the  light  blue  is 
tarnished  by  a  mixture  of  a  dirty  colour.  At  some  degrees 
above  the  horizon,  the  blue  of  the  sky  is  suddenly  inter- 
rupted, and  we  perceive  that  it  is  terminated  above  by  a 
rine  of  dull  brown-red  colour,  that  is  more  or  less  clearly 
demied.  The  cumuh'Stratu^  the  upper  edge  of  which  is 
generally  of  a  brilliant  white,  appears  more  or  less  of  a  red 
colour  about  mid-day,  even  when  the  clouds  have  a  height 
of  30**  or  40°  above  the  horizon.  Distant  terrestrial  objects 
of  a  deep  colour  appear  effaced  and  covered  with  a  blue  veil. 
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The  sun  has  a  dull  appeanmee  even  whan  it  is  Imth ;  its 
light  presents  a  reddish  tmi.  When  the  sdm^roai^es  the 
horizon,  it  is  of  a  hlood-xed  ookrar;  it  mmr  be  looked  at 
without  the  eyes  hefaiff  daisied^  and  its  hrdliao^  is  so  re- 
duced, that  it  ceases  to  oe  visible,  even  before  i^  has  descended 
below  the  horizon.  It  even  happens  that  the  lower  edge  of 
the  sun  is  scarcely  visible,  whilst  Uie  upper  presents  a  weU* 
defined  red  edge. 

Sometimes  the  dnr  foff  has  a  remarkable  intensi^ ;  se* 
yeral  examples  are  found  in  our  records.  That  of  1783 
caused  a  general  sensation  throuffhout  Europe ;  it  piysented 
the  following  j^enomena:  its  tnickness  was  such,  that  in 
some  places  objects  at  the  distance  of  five  kilometres  tfmld 
not  be  distinguudied ;  they  sometimes  appeared  blue  or  else 
surrounded  with  vuKiur.  The  sun  appeared  red,  and  without 
briUianc^r,  and  could  be  gaaed  at  in  the  middle  of  the  day ; 
at  its  rising  and  setting,  it  disappeared  in  the  haae.  At 
Copenhagen,  it  was  first  seen  May  29th ;  it  came  after  a 
succession  of  fine  days.  In  other  places,  it  was  preceded  by 
a  gale.  In  Englanud,  it  came  after  omtinuous  rains;  at 
La  Rochelle,  it  was  seen  on  June  6th  and  7th ;  at  Dyon,  on 
the  14th  ;  the  atmosphere  then  became  clear  at  La  Rochelle 
till  the  18th.  It  was  noticed  almost  every  where  in  Germany, 
France,  and  Italy,  from  the  16th  to  the  18th ;  on  the  19th, 
it  was  observed  at  Franccker  and  in  the  Pays-Bas ;  on  the 
22d,  at  Spydberg,  in  Norway ;  on  the  23d,  at  St.  Grothard  and 
at  Buda;  the  24th,  at  Stockholm;  the  25th,  at  Moscow; 
toward  the  end  of  June,  in  Syria ;  the  1st  of  July,  in  the 
Altai.  Some  observers  maintain,  that  they  found  traces  of 
acid  in  it,  but  these  observations  have  no  more  value  than 
the  experiments  made  on  atmospheric  electricity.  It  is 
accused  of  having  caused  the  disc^  of  smut  in  the  com, 
and  diseases  in  vegetables  generally;  but  we  know  that 
these  diseases  are  manifesteoT  without  being  determined  by 
dry  fog. 

Subsequently,  and  especially  in  1834,  a  thick  dry  fog 
was  also  observed.  I  saw  it  on  May  23d  on  the  mountain 
of  Victor,  among  the  Harz.  The  same  day,  a  violent  north 
wind  drove  it  to  Basle,  where  it  remained  three  or  four 
days ;  on  the  25th,  it  was  seen  with  a  violent  N.E.  ¥dnd  at 
Orleans;  and  at  the  same  period,  chiefly  on  the  21st,  22d, 
and  24th,  at  Munstcr.  Several  times,  in  the  course  of  this 
summer,  I  noticed  dry  fogs  of  various  thicknesses.  July 
28th  and  29th,  they  were  remarked  at  Halle,  Freiberg,  and 
Altenber^,  in  Saxony,  and  thev  lasted  several  days ;  they 
finally  disiappeared,  August  2d,  during  a  rain-storm,  and 


d  thenuelTes  only  for  a  few  isolated  d^^^n^ 
If  August. 

Drr  fog  is  verv  common  in  north  uid  vest  Germanj, 
I  well  M  in  HoHand.     rinU  attributes  it  t~  '*"    


Indeed,  in  order  to  prepare  peat'lands 
•    "le  clods  ai     ' 

of  Mbt  is  diy,  they  are  set  fire  to,  care  being  taken  that 


r  cultivation,  they  are  dug  up  aud  the  clods  are  turned 
'n  autumn,  that  they  mav  dry  in  winter ;  if  the  month 


they  snail  give  off  plcntv  of  smoke  and  very  little 
Hie  drier  the  air  and  the  ground  are,  the  better  does  the 
speradon  iiucceed  ;  rain,  on  the  contrary,  interferes  with  it ; 
In  summer,  large  surfaces  ipiite  Bpontaneously.  The  quan- 
dtj  of  the  products  of  combuation  may  therefore  amount  to 
},000,000  of  kilogTHinmes. 

In  these  countries  the  dry  fog  is  coincident  with  the 
trnmingof  thepeat ;  when  the  air  is  dry,  the  smoke  remains 
nispendcd  in  the  atmosphere,  and  may  be  carried  away  by 
the  winds.  The  wind  always  blows  from  the  direction  of 
the  peat-b(^9,  when  dry  fog  is  manifested ;  and  fogs  have 
frequently  been  seen  coming  distinctly  from  the  peat-bogs. 

The  very  thick  dry  fog  of  1834  came  partly  from  the 
combustion  of  peat,  and  partly  from  the  fires  for  which  this 
year  vaa  noted.  Whilst  it  was  observed  in  the  end  gf  May 
among  the  llarz,  and  in  the  neighbourhood  of  Orleans  and 
Basle,  there  were  fires  amongst  the  peat-bogs.  Thus,  in 
pellicular,  the  peat-bog  of  Dachau,  in  Bavaria,  was  burned 
to  the  depth  of  S",^  ;  and  the  fire  was  even  propagated 
beneath  ditches  filled  with  water ;  in  the  neighbourfiowl  of 
MunstCT  and  in  Hanover,  several  peat-bogs  were  consumed. 
Subsequently,  in  July,  there  were  terrible  conflagrations  of 
forests  and  peat-bogs,  near  Berlin,  in  Prussia,  in  Silesia,  in 
Sweden,  and  in  Russia;  the  drought  favoured  the  propaga- 
tion of  these  6res,  and  the  transport  of  the  smoke. 

To  the  same  cause,  probably,  may  be  attributed  the  par- 
ticular aspect  of  the  air  in  autumn.  In  the  fine  days,  when 
the  atmosphere  is  very  dry,  the  air  is  less  transparent ;  dis- 
tant objects  are  not  seen  distinctly,  they  appear  surrounded 
by  a  slight  foe.  As  in  many  countries,  heaps  of  bad  grass 
and  potato-culms  are  burned  at  this  period,  I  think  that 
the  smoke  they  produce  is  dififused  tbronghout  the  atmo- 

Can  the  dry  fog  of  1783,  which  was  difi'used  over  a 
great  portion  of  Europe,  be  attributed  to  the  came  cause  f 
At  the  period  when  it  was  manifested  many  hypotheses  were 
devised  in  order  to  explain  its  orinn :  tialBDd*  attributed 
it  to  the  quanti^  of  electricity  dev3oped  during  a  very  hot 
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The  ler,  thai,  gabeeeded  a  mokt  winter ;  Oott«  regaitled  it 
iHi  lormed  of  metallic  emanadoni  united  with  eleemeitv,  in 
consequence  of  the  great  heat  and  nnmerons  earthqnakes ; 
other  philoephers  have  oonneeted  this  fog  with  dectricity, 
without  our  heioff  able  to  understand  how  the  latter  ia  aUe 
thus  to  disturb  Uie  atmosphere.  Howeyer,  Valtmaim  has 
shewn  that  these  phenomena  are  concomitanta  with  the 
irreat  peat-buminfli  that  took  place  in  Westphalia^ 
^  In  the  samTvear  there  W^  violent^ earthquake  in 
Calabria,  and  a  Tolcanic  eruption  in  Iceland;  several  pfailo- 
sophers  attribute  the  existence  of  this  fog  to  these.  It  is 
true  that  volcanic  phenomena  rarely  numifest  thonselTes 
with  so  much  violence ;  and  we  may  add,  in  favour  of  tins 
opinion,  that,  in  the  years  when  a  very  intense  dry  fbg  filled 
the  atmosphere,  the  volcanoes  were  in  activity :  m  example, 
the  years  526,  1721, 1822,  and  1834.  However,  the  fiig  dm 
several  times  preceded  the  irruptions.  Are  we,  therefore^ 
to  regard  volcanic  irruptions  as  an  immfdtate  cause  of  dry 
fog  ?  Although  the  colunm  that  rises  above  a  volcano  ha 
a  very  great  analogy  to  a  column  of  smoke^  yet  more  aecu* 
rate  researches  have  shewn  that  it  is  for  the  most  ^art  com- 
posed of  the  vapour  of  water  and  volcanic  ashes,  with  ndiieh 
are  mixed  transparent  gases  in  various  quantities :  no  one 
has  observed  true  smoke.  But,  when  the  lava  runs  over 
the  side  of  the  mountain,  it  carbonises  every  thing  that  it 
meets,  and  an  immense  cloud  of  smoke  rises  in  the  air.  If 
we  think  of  the  immense  Quantity  of  vegetables  that  were 
consumed  in  Iceland,  as  well  as  seventeen  villages,  we  can 
comprehend  that  the  lava,  when  running  over  a  soil  covered 
with  vegetables,  might  have  been  able  to  produce  this 
smoke,  which  the  north  winds  immediately  spread  over  a 
great  portion  of  Europe.  Add  to  this,  that  the  combustions 
of  tun  and  the  conflagrations  of  forests  were  as  frequent 
this  year  as  during  those  that  are  distinguished  by  excessive 
droughts.  It  is  to  the  latter  cause  that  we  must  attribute 
this  odour,  which  is  especially  perceived  in  Holland. 

The  inhabitants  of  western  and  southern  Europe  attribute 
to  the  dry  fog  a  great  influence  over  the  state  of  the  atmo- 
sphere :  they  connect  with  its  existence  the  predominance  of 
tne  north  vonds  which  then  prevail,  and  say  that  it  drives 
away  rain  and  storms,  and  is  a  cause  of  cold.  It  is  true 
that  things  are  in  this  condition  at  the  season  of  peat-burn- 
ing ;  but  I  doubt  whether  we  should  attribute  them  to  this 
cause :  this  opinion,  which  is  so  generally  prevalent  in  these 
countries,  anses  from  considering  a  general  phenomenon 
under  a  point  of  view  of  narrow  locafity.    Thus  it  is  that, 


/ 


# 


SHOOTING  STABS  AND  BUTBOBIC  STONES.  471 

on  th  coasts  of  Scandinavia,  the  cold  that  suddenly  arises 
>rth  winds  is  thought  to  be  due  to  the  vicinity  of  the 
iind  it  is  accused  of  many  misdeeds  of  which  it  is  inno- 
because  the  same  thing  is  experienced  in  the  centre  of 
Germany.  These  winds  blow  throughout  Germany,  accom- 
panied vrith  cold  nights  and  dryness  of  the  air ;  and  young 
plants  suffer  greatly.  With  regard  to  the  dispersion  of 
storms  by  dry  fog,  or  their  transformation  into  fog,  I 
ibould  be  tempted  to  believe  that  thick  masses  of  dry  fog 
accumulated  in  the  horizon  have  been  taken  for  storm- 
clouds,  the  true  nature  of  which  the  spectator  recognised 
when  they  approached  him. 

SHOOTING     STARS     AND     METEORIO     STONES 

X^erTischnuppen  und  meteorsteine). — Shootinff  stars  are  ob- 

/         "^  during  serene  nights.    In  a  part  of  the  sky,  a  lumi- 

^  "int  appears  in  the  form  of  a  star  of  greater  or  less 

^«  it  moves  through  space,  and  is  then  suddenly 

^ ;  but  its  brilliancy  diminishes  at  the  moment 

Nout  to  disappear.     Sometimes  the  star  leaves  in 

;^jk  luminous  train ;  however,  this  is  not  constant : 

f,  also,  the  star  gives  forth  sparks.    The  ancients 

these  meteors  as  stars  actually  falling ;  when  they 

ft  considerable  size,  they  are  called  ^neous  meteors^ 

.;«,  haUs  of  fire  (feuerkugeln,  feuermeteore).    A  lumi- 

ja  point  is  first  seen,  like  a  shooting  star,  or  a  small  clear 

ioud,  which  is  not  long  before  it  bursts  into  flames,  or 

even  one  or  several  parallel  strise,  which  soon  form  a  large 

flaming  ^lobe.    This  globe  moves  with  a  velocity  equal  to 

that  of  the  stars,  sometimes  in  bounds,  which  are  a  proof  of 

an  original  impulse,  or  are  an  effect  of  terrestrial  attraction ; 

it  increases  and  becomes  a  burning  globe,  sending  forth 

flames,  smoke,  and  sparks.    This  luminous  globe  generally 

draws  after  it  a  luminous  train,  which  is  drawn  out  to  a 

point,  and  terminates  in  smoke.    This  tail  appears  to  be 

formed  of  the  substance  drawn  out  from  the  ball  itself;  or 

else  it  is  accompanied  by  little  satellites,  which  themselves 

become  small  luminous  globes ;  finally  the  ball  bursts  with 

a  great  explosion.    These  meteors  frequently  break  aj^ain, 

and  then  the  constituent  parts  that  have  not  been  volatilised 

fall  in  the  form  of  masses  of  iron  or  stone.    These  meteoric 

stones  or  aerolites  are  of  a  different  composition  from  that  of 

stones  found  on  the  surface  of  the  earth,  and  occupy  a 

much  smaller  space  than  the  large  ball. 

HBIGHT    OF    IGNEOUS    METEORS.  — As  shooting 

stars  and  fire-balls  only  occur  occasionally,  it  is  difficult  to 
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p  through  theopentw^  deiCTini^aieir 

baght  with  certain  preonon ;  however,  it  has  Mmetmies 
happened  that  flereni  obserren  have  been  able  to  measure 
eimultaneously  tbe  angle  of  the  height  of  a  ball  teen  from 
different  places,  and  hence  to  deduce  ito  absolute  heiight  in 
the  atmosphere.  Benamberir  and  Bra&dea  made  the  first 
observations  on  this  point :  being  at  two  places  distant  from 
each  other,  they  marked  on  a  celestial  planisphere  eveiy 
shooting  star,  in  order  to  have  ita  position  and  apparent 
course ;  knowing  the  moment  of  the  observation,  they  were 
able  to  deduce  the  angle  of  the  height,  and  to  calculate  the 
height  of  the  meteor. 

The  elevation  of  shooting  stars  above  the  earth  is  very 
different,  in  that  it  osdlliSes  between  16  and  2S0  kilo- 
metres ;  the  greater  portion  move  in  a  rmon  comprised 
between  45  and  155  kdometres.  The  mean  neight,  deduced 
from  all  the!«  heighto  of  Braadea,  is  116  kikm^tres. 

The  greater  portion  of  shooting  stars  move  in  a  descend* 
ing  direction :  however,  some  are  directed  horaontally,  or 
even  ascending ;  some  have  even  been  observed  to  describe 
a  semi-circle,  first  rising  and  then  descending:  Ohiatel 
quotes  several  examples.  It  follows  that  these  bodies  are 
subject  to  the  action  of  gravity;  but  that,  in  addition  to 
this,  they  receive  a  very  energetic  impulse  in  order  to  take 
a  direction,  which  must  be  always  contrary  to  that  of 
gravity :  their  velocity  is  from  thirty  to  sixty-six  kilometres 
per  second. 

The  indications  of  the  height  of  fire-balls  are  very  dis- 
cordant ;  I  have  given  a  ffreat  number  in  my  Treatise  on 
Meteor<^ogt/.  It  follows  that  their  mean  height  is  about 
the  same  as  that  of  shooting  stars. 

FREQUENCY  OF  SHOOTING  STARS.  —  If  shooting 

Stars  rapidly  succeed  each  other,  they  are  frequently  ob- 
served in  the  same  region  of  the  sky.  According  to  B«n- 
lenbers,  there  are  ouen  eight  in  the  hour.  During  the 
night  of  the  6th  and  7th  December,  1796,  Brandes  counted 
480  shooting  stars.  In  these  latter  times,  much  attention 
has  been  paid  to  their  periodicity ;  they  are  observed  in  a 
special  manner  in  the  nights  from  the  10th  to  the  15th  of 
November,  and  on  that  of  the  10th  and  11th  of  August. 

M.  de  Humboldt  was  the  first  who  saw  a  large  number 
on  the  night  of  the  11th  and  12th  Noveml)er,  1799;  they 
were  observed  at  the  same  time  in  Guyana,  I^brador, 
Greenland,  and  the  environs  of  Weimar.  Hemmer  had 
before  this  been  struck  with  their  number  at  Mannheim,  on 
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the  night  of  the  9th  and  10th  Noyemher,  1787.  In  1813, 
many  were  seen  in  England  on  the  niffht  of  the  8th  No- 
Temoer;  in  1818,  on  that  of  the  13th  November;  and  in 
1832,  on  the  12th  of  the  same  month.  From  nine  in  the 
evening  nntil  sunrise  many  were  counted;  some  had  the 
appearance  of  small  globes  of  fire.  In  England,  France, 
l^nritzerland^  Germany,  Bussia,  Mauritius,  observers  were 
every  where  struck  with  the  number  and  the  brilliancy  of 
these  meteors.  In  the  United  States  of  America,  the  shoot- 
ing stars  were  still  more  numerous.  November  13,  1833, 
■A  7  P.M.  Palmer,  at  New  Haven,  in  Connecticut,  perceived 
a  reddish  vapour,  which  first  appeared  near  the  southern 
horizon,  then  rose  gradually  to  the  zenith ;  it  was  very 
transparent,  but  yet  it  concealed  the  smallest  stars.  The 
ieneous  meteors  appeared  from  nine  o*clock,  but  at  four  in 
the  morning  they  appeared  in  greatest  numbers.  An  unin- 
terrupted succession  of  fire-balls,  like  fusees,  seemed  to 
originate  from  a  point  not  many  degrees  from  the  zenith ; 
they  darted  in  all  directions,  but  yet  always  in  such  a  man- 
ner, that  all  their  directions  produced  converged  toward  the 
Sint  mentioned.  Around  this  point,  which,  according  to 
.  Eneke,  precisely  coincides  with  that  toward  which  the 
earth  is  directed  in  its  annual  revolution  round  the  sun,  a 
circular  space  of  several  degrees  is  found,  in  which  no 
meteors  are  seen.  Generally,  they  leave  a  luminous  train 
in  their  passage,  and,  on  disappearing,  they  burst,  and  are 
reduced  mto  smoke ;  notwithstanding  the  most  persevering 
attention,  the  noise  of  an  explosion  has  never  been  heard. 
Besides  these  isolated  masses,  the  atmosphere  was  illumi- 
nated by  phosphorescent  lines  formed  of  the  succession  of  a 
great  number  of  luminous  points,  and  similar  to  the  lines 
produced  in  darkness  by  writing  with  a  pencil  of  phos- 
phorus. 

In  the  follovdng  years,  the  nights  of  November  were 
again  remarkable  for  a  great  number  of  shooting  stars,  all 
of  which  seemed  to  come  from  the  constellation  Leo, 
toward  which  the  earth  is  directed  at  this  period  of  the 
year:  the  same  observations  are  true  of  the  nights  of 
August  10  and  11,  during  which,  also,  many  shooting  stars 
are  seen. 

The  balls  do  not  appear  to  be  equally  common  at  all 
seasons.  If  we  calculate  their  number  for  each  month,  we 
arrive  at  the  following  results : — 
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JftDuary       69 

February 30 

March 50 


Jnne  . 


Septsnber  . 

October   .  . 

November  . 
December 
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The  grcstc!*  number  occur  in  Xovcmber,  the  1cm>.  ii 
Jane ;  doubtless  the  length  of  the  dayv  in  sutniner  kUom  ■ 
gTDAt  number  of  the?«  meteors  to  pan  unpereeived :  bowvrcr, 
we  should  observe  tbiLt  tbt'ir  fnaqneacj  is  grcMter  in  utUH 
than  in  spring.  In  August,  when  shooting  stais  mxk  siB- 
mon.  there  are  bIbo  many  lii«-balls- 

APPE&KAMCEB  OF  rtKB-mAUM.- 

mrpoNNs  that  of  the  moon;  some  have  been 

even  by  dav,  ibit  they  have  csit  «  shadow. 

of  R  daiilin^  white,  or  e!w  reddi*h ;  other  colon 

•parks,  and  smoke,  come  ont  from  them  id  all  direetioas; 
Bometimes  they  aeon  to  be  cxtingniabed  by  Mlii^;  thef 
then  hght  up  asain,  afler  having  emitted  ■  qni 
Tapour  and  Bmoke :  when  tbey  travene  the  atn 

they  swell  up  and  bnnt  with  umbc.    fifciiftwl  exp_ 

nature  by  the  developement  and  the  dilatiaa  of  the  ii 
fluids  baiiting  their  envelope.  When  they  an  not  aeoi  lo 
bant,  it  is  becatue  they  are  too  elevated  or  too  Cu-  diatnl 
from  the  atmoaphere,  and  have  fi^owed  tfadr  route  in 
space.  Sometimei  a  fireball  is  divided  into  ft  certain  niua- 
faer  of  fragments,  and  each  of  these  fragments  forms  a  vDaU 
luminous  globe,  which  tfaen  bursts  in  its  torn ;  in  aonie,  tht 
mass,  afterhaving given  iisiie  to  the  interior  gasea,  snka ea  to 
itself,  and  then  swells  out  anew,  to  bant  a  second  time.  "Bit 
baUa,  that  make  boands,  gcnually  burst  at  tbe  point  M- 
parating  the  two  saceeisiTe  bomtds;  these  ezpkaiaas  Bit 
aeeompaaied  with  vapoon  and  tnH^ ;  sod  the  baQ  is  sea 
to  parsne  its  course,  casting  forth  a  new  lustre.  Tbe  ciaA 
is  sometimes  snch,  that  the  houses  tremble,  tbe  doon  and 
windows  open,  and  the  swiitints  tuKj  that  there  is  an 
earthquake.  Sametimes,  aays  CM»*ii,  the  ezploncm  is  not 
noticed,  because  the  mass,  after  having  erven  forth  tbe 
e■9e^  is  enveloped  with  a  thick  nnoke  uat  '"'^'T^lf  its 
brilliancy. 

""  EOBIO    arowas   (wieleor- 
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$(Ume). — When  the  globe  has  burst,  the  fragments  fall  to 
the  earth  :  these  are  sometimes  in  large  quantities ;  witness 
those  collected  near  UAiglc,  April  26th,  1803,  and  near 
Stannem,  May^  22d,  1808.  However,  they  may  also  fall 
'without  breakmg :  these  fragments  arc  known  by  the  name 
of  aerolites. 

The  greater  number  of  aerolites  have  a  general  form 
always  the  same;  according  to  Bcbreibera,  it  is  a  prism, 
with  four  or  five  unequal  surfaces,  or  an  oblique  pyramid. 
Outside  they  are  covered  by  a  black  or  blackish  crust,  which 
appears  to  have  the  same  chemical  composition  as  the 
nucleus,  although  it  has  passed  into  the  state  of  scoriae. 
This  crust,  the  thickness  of  which  rarely  exceeds  0"°',55, 
presents  inequalities ;  it  is  black,  and  not  very  brilliant,  or 
else  of  a  brilliant  blackish  brown,  as  if  the  stone  had  been 
covered  with  varnish.  Sometimes  it  has  a  metallic  bril- 
liancy like  iron  melted  and  slightly  oxydised,  or  rather  the 
aspect  of  bitumen.  The  crust  may  be  so  hard,  that  it  strikes 
me  with  the  flint ;  on  certain  stones  we  find  layers,  veins, 
and  spots  of  the  same  nature  as  the  crust.  The  aerolite 
seems  already  to  have  been  formed  when  a  new  swelling  has 
brought  a  portion  of  the  crust  to  the  interior.  This  crust 
does  not  bear  the  least  analogy  to  a  volcanic  product ;  and 
we  cannot  obtain  an  analogous  crust  except  by  melting  these 
stones  out  of  the  action  of  the  air ;  but  it  is  difficult  to  say 
which  of  the  constituent  principles  contributes  most  to  the 
formation  of  this  envelope.  The  composition  of  these  stones 
is  different  from  that  of  all  stones  that  have  been  found  at 
the  surface  of  the  globe.  From  the  analvsis  made  by  M. 
ChuitaTe  Rose,  some  are  found  of  a  gre^isn  mass,  in  which 
no  other  substance  beside  metallic  iron  is  found ;  others  are 
composed  of  different  substances,  of  which  some,  that  are 
white,  are  probably  labrador  (opal  feldspar) :  others,  that  are 
brown,  resemble  a  pyroxene. 

If  they  are  reduced  to  powder,  we  may  extract  about 
twenty  per  cent  of  iron  and  nickel ;  chemical  analysis  then 
gives  the  following  principles :  oxygen,  hydrogen,  sulphur, 
phosphorus,  carbon,  silica,  chromium,  potassium,  sodium, 
calcium,  magnesium,  aluminum,  iron,  manganese,  nickel, 
cobalt,  copper,  and  tin.  According  to  M.  Berselius,  these 
eighteen  elementary  substances  form  the  following  com- 
pounds : — 

1st.  Metallic  iron,  containing  a  little  nickel,  cobalt,  mag- 
nesium, manganese,  tin,  copper,  sulphur,  and  carbon. 

2d.  Stdphuret  of  iron^  with  an  equal  proportion  of  sul- 
phur and  iron. 
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401.  Jfeteorfe  oIMm:  it  iiuiiaului  om  Mfrfin  tt- 
odiie  that  remains  after  ihib  Bdrii  lanqplAlt  tf  a^g* 
netiflm  are  removed;  Iti  eompoailioB  ii  As  wumtmit^^dt 
terrestrial  dlmiie. 

5th.  SUuatei^  combinationi  cf  fint^  SMBMsi^  «tt»  if 


among  wmch  thesJueie  aod  is  in  doable  pfoportiBA  Is  a 
the  outer  bodies,  and  whidi  pcobaUtf  ftna  two 

the  one  pyroxniir,  the  oUier  analMpoa  to 
6th.  Ckromate  of  iymm%  mam  hmtt 
7th.  Oxkko/im. 
MBTEORic  MAggBs  OP  iBOir. — Sonctes  ftl 

entire  aSrolite  is  oompoaed  only  of  metellie  irao;  kaweio; 
this  case  is  more  rare  than  tint  in  ^Hneb  it  coniaiM  mtf 
a  certain  qnantity.  May  26th,  1761,  two  BHMBi  fiH  wmt 
Hrad8chiDa,inthecooutatofAgim:  oneire^^iedtfA^f^Nk 
the  other  ei^ht  kQogrammes.  Tbey  hsre  been  finai  ll 
other  countnes,  thoogb  not  seen  to  ttHH  ftom  tfce  sfy;  M 
their  form  and  composition  mnst  make  na  rmud  tboD  m 
aerolites.  One  of  tne  best  known  is  that  Sseofveied  by 
Paiiaa,  in  Siberia,  in  the  year  1771,  and  which  the  Taitsn 
regarded  as  a  sacred  object  fallen  from  heayen ;  its  we^ 
was  700  kilogrammes.  Analogous  masses  haTC  been  fiMond 
in  Bohemia,  Hungary,  the  Cape  of  Good  Hope,  Mezwk 
Peru,  Senegal,  Baffin  s  Bay,  &c.  &c.  The  iron  is  foil  oi 
cavities,  fill^  with  more  or  less  perfect  crystals  of  oliyine; 
when  these  crystals  are  removed,  the  residue  stiU  contmw 
ninety  per  cent  of  iron,  a  certain  percentage  of  nickd,  and 
the  rest  needs  scarcely  being  taken  into  the  account. 

ORIGIN  OF  IGNEOUS  MBTBORS.  —  As  they  sre 
found  in  regions  inaccessible  to  man,  the  imagination  hss  s 
wide  field  for  framing  hypotheses  which  reason  cannot  gain- 
say. Formerly,  these  snooting  stars  were  affirmed  to  be 
composed  of  gelatinous  matter ;  and  it  has  been  frequent^ 
said,  that  the  different  species  of  naxiockt  found  on  the 
banks  of  rivers,  were  shootine  stars.  ChladBi  was  the  first 
to  shew,  that  fire-balls  and  shooting  stars  are  one  aiul  the 
same  thing,  and  only  differ  in  their  size.  Since  he  has  also 
proved  that  stoues  no  fall  from  the  sky,  liMir  principal  hy- 
potheses have  been  put  forth,  which  we  will  now  examine. 

VuLCAinAic  Htpothbsis. — It  was  omjoallT  maintained, 
that  these  stones  were  vomited  forth  hy  lEe  vmanoes  of  oar 
globe ;  but  this  system  is  untenable,  for  our  volcanoes  can- 
not hurl  them  to  any  great  height,  and  their  oompoaition  is 
totally  different  from  volcanic  produeticms. 
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M00N-8TOME8. — Some  mathematicians,  Laplace,  among 
others,  have  endeavoured  to  prove  that  these  stones  may  be 
projected  from  volcanoes  in  the  moon  sufficiently  far  to 
enter  into  the  sphere  of  our  earth*8  attraction,  and  so  to  fall 
on  it.  Calculation  shews  that,  in  order  for  this  effect  to 
take  place,  the  stone  must  have  an  initial  velocity  of  3250 
inetres  per  second,  and  that  it  would  pass  from  the  moon  to 
the  eartn  in  two  days  and  a  half. 

Notwithstanding  the  possibility  of  the  fact,  it  still  pre- 
•ents,  according  to  Olbers,  grave  difficulties  ;  for  the 
hodjy  darted  forth  by  the  volcano,  is  subject  to  this  force  of 
projection,  and  also  to  that  resulting  from  the  moon's  mo- 
tion, and  which  acts  tangentially  to  tne  lunar  orbit.  Thus, 
then,  the  heavy  bodies  that  are  darted  forth  by  the  lunar 
Yolcanoes,  and  that  approach  the  earth,  are  attracted  bv  it, 
and  describe  a  curve.  In  order  that  the  body  ma^  fall  to 
the  surface  of  the  earth,  there  must  exist  a  determinate  re- 
hition  between  the  direction  and  the  velocitv  of  the  projec- 
tile ;  and  consequently  few  of  them  will  fall  to  the  earth. 
According  to  Olbera,  the  initial  velocitv  of  from  7000 
to  11,000  metres  per  second,  as  determined  by  Braadea,  is 
also  contrary  to  this  hypothesis;  indeed,  let  us  suppose 
^at  the  stone  is  darted  forth  by  the  volcano  with  a  velocity 
of  only  2600  metres,  it  will  arrive  with  an  acquired  velocity 
of  11,400  metres.  Now,  as  fire-balls  travel  with  a  velocitv 
of  about  37,000  metres  per  second,  they  must  be  darted  forth 
by  the  moon  with  a  velocity  of  about  23,500  metres,  a 
velocity  that  may  be  regarded  as  altogether  impossible. 

Atmospheric  Htpotiibsis. — Other  philosophers  have 
admitted  that  these  igneous  meteors  were  a  product  of  our 
atmosphere;  and  although  Cbiadnl  has  rejected  this  ex- 
planation, it  has  vet  been  sustained  by  Even,  G.  Flacber, 
and  Ideler ;  the  former  especially  has  put  forth  several  im- 
portant considerations  in  favour  of  this  opinion.  A  great 
number  of  metals  rise  into  the  atmosphere  in  a  gaseous  state; 
and,  if  chemical  analysis  does  not  find  them,  it  is  merely  be- 
cause their  proportional  quantity  is  very  small.  These  arise 
annually  from  the  metallurgical  forges  of  Clausthal  more 
than  ten  millions  of  kilogrammes  of  vapours,  composed  of 
water,  lead,  iron,  zinc,  sulphur,  antimony,  and  arsenic; 
many  of  these  metals  have  been  recovered  by  R.  Braadea 
and  ZImmermaa  in  rain-water.  Then  Been  especially  rests 
his  hypothesis  upon  the  phenomena  that  have  been  observed 
during  the  formation  of  igneous  meteors :  either  the  sky  has 
been  disturbed  by  a  dark  or  b^  a  bright  cloud,  or  else 
white  bands  have  been  united  mto  a  single  mass.     We 
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must,  in  this  case,  admit,  that  a  force,  the  action  of  which  is 
attended  hy  the  production  of  liffht,  determines  the  con- 
densation of  the  vapours  in  the  hieh  ri^;ion8  of  the  atmo- 
sphere— vapours  that  become  vi8ible,Tike  those  of  water  when 
passing  into  the  state  of  cloud,  and  that  other  forces  at  the 
same  time  urge  them  in  a  direction  which  is  not  that  of 
gra\nty:  this  force,  in  his  opinbn,  is  electricity.  Bsea 
then  examines  in  detail  the  different  drcumstanoes  that  ac- 
company their  translation,  and  deduces  them  from  his  hypo- 
thesis with  much  sagacity ;  he  says,  that  the  igneous  meteori 
are  especially  comnum  when  the  atmosphere  is  not  in  its 
normal  state.  We  may  object  to  him,  tnat  this  arises  fVom 
the  celestial  phenomena  being  at  that  time  examine  with 
more  attention.  It  is,  moreover,  a  difficult  matter  to  com- 
prehend how  these  vapours,  diffused  throughout  an  immense 
space,  can  be  collectal  into  enormous  masses,  and  acauire 
considerable  velocity.  Other  objections,  and  particularly 
that  urged  by  Ohladni^  ftom  the  bounds  of  these  meteors, 
fall  of  themselves,  when  we  include  the  resistance  of  the 
air  and  the  force  of  the  inhalation  of  the  gases  that  escape 
from  the  ball,  since  all  flying  fusees  make  bounds  of  this 
kind. 

CosMicAL  Hypothesis. — Before  it  was  known  that  fire- 
balls were  not  incandescent  masses  of  stone  and  iron,  Haiiej, 
Wallis,  Bersmann,  and  others,  regarded  them  as  bodies 
moving  in  space,  and  which  the  earth  met  and  attracted  to 
itself.  Chladni  admits  this  explanation  from  the  beginning 
of  his  researches,  and  in  the  sequel  he  has  always  defended 
it ;  in  his  opinion,  two  causes  are  equally  i)ossible :  either 
they  are  masses  that  have  never  belonged  to  any  celestial 
iMxIy,  or  they  are  the  fragments  of  an  ancient  planet.  Al- 
though these  two  hyjx)tliescs  have  each  their  degree  of 
Erobability,  Cbiadni  regards  the  former  as  the  most  pro- 
able  opinion. 
A  great  number  of  observations  prove  that,  besides  the 
large  celestial  bodies,  there  are  small  ones  that  move  in 
space,  such  as  points  and  luminous  trains,  which  astro- 
nomers have  often  seen  traversing  the  field  of  their  tele- 
scoiK's ;  such  arc  also  the  opaque  masses  that  have  been 
observed  by  day  before  the  disc  of  the  sun,  and  which  often 
present  a  considerable  surface.  According  to  M.  Chladni, 
these  scattered  masses  arc  primitive  matter  disseminated  in 
space,  and  destined  to  form  new  worlds ;  he  also  thinks  that 
those  nebulosities  which  the  telescope  cannot  analyse  into 
stars  are  themselves  nothing  but  very  diffused  luminous 
matter  spread  over  extensive  spaces.     Comets  are  distin- 
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guished  from  these  masses  by  their  small  size,  their  isolation, 
and  a  greater  degree  of  density;  they  are  nothing  but 
masses  analogous  to  clouds,  or  K>rmed  of  dust  or  vapour, 
Uie  particles  of  which  are  mutually  attractive.  This  feeble 
density  of  comets  is  not  only  proved  by  the  attraction  that 
the  nearer  planets  exercise  over  them,  but  also  by  our  being 
able  to  see  the  fixed  stars  through  them. 

It  is  also  possible  that  these  masses  may  be  derived  from 
the  destruction  of  heavenly  bodies.  Several  observations 
prove  that  stars  have  actually  disappeared  from  the  vault 
of  heaven,  and  reason  conceives  the  possibility  of  this  de- 
stmction.  When  stars  appear  endowed  with  a  great  bril- 
liancy, and  shine  for  some  time  to  disappear  afterwards,  this 
proves,  according  to  Chladni,  a  violent  combustion  in  a 
body  which  must  be  ranged  among  the  fixed  stars.  Of  this 
kind  is  the  star  that,  in  the  eleventh  century,  burned  for 
three  months  in  the  constellation  Aries  with  variable  bril- 
liancy, and  then  disappeared  for  ever.  The  great  red  star 
that  appeared  in  the  spring  of  1245,  near  Capricomus,  dimi- 
nished m  intensity  about  the  end  of  July ;  the  star  observed 
by  Kapler,  in  the  constellation  Ophiucus,  w^as  visible  from 
October  10,  1604,  till  the  month  of  October,  1605 ;  the 
brilliant  star  that  burned  during  the  years  945,  1264,  1572, 
in  Cassiopoeia,  belongs  to  the  same  category.  If  planets  or 
comets  gravitate  around  such  a  star,  this  sudden  develope- 
ment  of  heat  and  light  must  have  a  great  influence  over 
them.  When  the  force  acting  from  witnin  outwards,  which 
tends  to  destroy  a  star,  prevails  over  the  mutual  attraction 
of  its  parts,  it  may  burst :  thus  the  four  telescope  planets, 
Ceres,  Pallas,  Juno,  and  Vesta,  are  perhaps  only  the  frag- 
ments of  a  large  planet.  If  such  explosions  as  these  have 
taken  place,  we  can  understand  that  a  large  number  of  small 
fragments  may  be  projected  afar. 

Whatever  be  tne  nypothcsis  we  embrace,  the  periodical 
return  of  a  great  number  of  shooting  stars,  which  all  seem 
to  come  from  the  same  point,  without  sharing  in  the  earth's 
motion,  is  always  a  powerful  argument  in  favour  of  the 
cosmical  hypotnesis.  We  may  admit  that,  besides  the 
planets  and  comets,  millions  of  asteroids  are  moving  round 
the  sun,  and  become  visible  when  they  are  ignited  by  en- 
tering into  the  terrestrial  atmosphere.  The  greater  portion 
probably  again  abandon  the  earth's  atmosphere,  to  continue 
their  revolution  round  the  sun.  These  masses  are  spread 
throughout  space,  but  not  in  a  uniform  manner,  and  there 
are  points  where  they  are  collected  in  large  numbers :  of 
this  Kind  are  the  groups  traversed  by  the  earth  on  August 
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10  and  November  13.  But  tbey  are  not  equally  numerons 
on  each  of  these  points.  Farther,  if  we  admit,  with  Olbers, 
that  they  execute  their  revolution  round  the  sun  in  five  or 
six  years,  it  follows  that  the  earth  would  meet  a  great 
number  in  summer  and  autumn;  but  also  certain  years, 
such  as  1799  and  1833,  are  remarkable  for  an  extraordinary 
abundance  of  these  meteors. 

If  the  mind  can  conceive  how  the  earth  meets  these 
asteroids,  it  does  not  at  all  explain  their  incandescence. 
Cbiadni  believes  that,  on  arrivmg  within  the  terrestrial 
atmosphere,  they  experience  a  resistance  that  produces 
bounds,  and  which  is  the  greater  as  these  bodies  nave  an 
original  volume  greater  than  that  of  the  stones  which  &11 
to  the  earth :  we  must  hence  conclude,  that  the  ignited  ball 
has  a  very  feeble  densit;^.  This  resistance  also  produces  the 
incandescence  and  ignition  of  the  body ;  it  compresses  the 
air,  and  this  compression  j>roduces  sudi  a  heat  that  the 
body  is  inflamed.  If  it  is  objected,  that  the  air  is  very  much 
rarefied  at  so  great  a  he^ht,  we  may  reply  that  the  extreme 
velocity  must  be  taken  into  account.  M.  Parrot  admits,  in 
addition  to  the  compression,  the  action  of  the  vapour  of 
water  on  combinations  of  metals  with  sulphur ;  it  would 
even  be  possible  that  the  elements  of  meteoric  stones  were 
silicum,  magnesium,  calcium,  potassium,  &c.,  which  would 
be  transformed  into  silica,  magnesia,  lime,  potash,  &c.,  under 
the  influence  of  water,  a  combination  dunng  which  heat  is 
always  developed,  and  which,  joined  to  that  produced  by 
compression,  might  render  these  bodies  incandescent.  Pcr- 
ha})s  they  contain  bodies  that  are  still  more  inflammable, 
and  whicn  disappear  in  the  atmosphere  before  they  arrive 
on  the  earth.  It  is  impossible  to  say  any  thing  positive  on 
this  subject,  since  we  cannot  transport  ourselves  into  the 
region  where  the  combustion  commences. 


THE  END, 
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M.  CH.  MARTINS, 


NOTB  A.  p.  14. 


To  interpolate,  is  to  supply  deficient  terms  in  a  series  of  numbers^ 
in  mind  the  law,  according  to  which  these  numbers  must 

J    Suppose  that  for  thirty  dajs,  and  at  every  hour  during  the 

r,  the  barometer  has  been  obsorved :  hourly  means  may  be  formed, 
by' taking  the  mean  of  the  thirty  observations  at  noon,  that  of  the 
oorty  observations  at  one  o'clock,  and  so  on.  Suppose,  now,  that 
w^  have  omitted  one  of  the  thirty  observations  at  one  o'clock,  we 
may  restore  it,  by  giving  it  its  most  probable  value, — we  interpolate* 
In  the  case  before  us,  it  is  sufficient,  as  the  intervals  are  short,  to 
take  fbr  one  o'clock  the  mean  between  the  readings  of  noon  and  two 
o'clock.  If  we  were  content  to  take  the  mean  of  tiie  twenty-nine  ob- 
aervations  actually  made,  by  dividing  their  sum  by  twenty-nine,  the 
munber  obtained  could  not  admit  of  comparison  vrith  the  other 
means  :  this  mode  of  operating  must,  therefore,  be  rejected. 

Hie  number  obtained  by  interpolation  is  only  an  approximation , 
sinee'  the  true  law,  according  to  which  barometric  pressures  vary, 
is  not  known  a  priori:  it  is,  therefore,  impossible  to  avoid  a  little  of 
-what  is  arbitrary  in  the  process  of  interpolation.  One  calculator  may 
estimate  that  the  arithmetical  mean  between  noon  and  two  o'clock  is 
too  low  to  represent  the  omitted  observation  of  the  intermediate 
epoch;  another  may  judge  it  to  be  too  high:  the  former  will  in» 
crease,  the  latter  will  diimnish  it.  We  will  endeavour  to  give  some 
rules  calculated  to  diminish  the  arbitrary  practice  that  prevmls  in  thid 
matter ;  these  rules  may  be  useful  to  observers  in  the  reduction  of 
their  observations. 

The  first  thing  to  be  done  is  to  interpolate,  by  supposing  the  range 
of  the  instrument  to  be  uniform  firom  the  last  of  the  observations  that 
have  preceded,  which  observation  I  will  call  A,  to  the  first  of  those 
that  foUow,  or  the  observation  B.  It  is  manifest  that  if  we  represent 
the  observations  by  a  plane  curve,  taking  the  times  for  absdssse  and 
the  readings  for  oitlinates,  this  method  consists  in  admitting  that,  in 
the  interval  between  the  observations  A  and  B,  their  curve  is  sensv« 
bly  rectilinear. 

T 
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The  intermediate  nnmben  i>1>IiIimw1  Ib  tUs  mf  t  W  ■ 
^mple  rak  of  tbree,  are  onlf  a  ftnt  •BpraxfantiOB.  weaarc 
oonchres  to  this  first  afvpranMatBon  a  ^Bicrcat  cases :  Ut,k^ 
not  todkfaag  for  great  |utitliio»;  lor  czasiple,  if  we  derive  toctaiatibe 
state  of  the  barometer  within  one  or  two  miHiBetras*  wWck  ii  fOM- 
rally  sufficient  for  the  cakalation  of  st«ns|ihrrir  nflaiUuM;  M,  in 
hourly  obscrratioDS  institiifted  for  the  nupose  of  obtrinn^  the  CHtcs 
of  diurnal  TariatiOB,  if  tiie  Interfnl  of  time  does  not  cmed  two  or 
three  hours ;  and,  in  cencral,  when  tlw  iaterral  IrIwma  ▲  ind  B 
shaU  not  exceed  the  (%hth  part  of  the  period,  at  the  cbA  «f  wlkh 
the  variations,  whose  laws  we  we  seeUnK,  nre  icaewcd;  3d,  if  the 
terms,  wMeh,  in  eonsequcace  of  omitted  oBsmations,  nre  wvtinf  in 
the  series  o(  numbers  whose  mean  we  are  tnkfair. 
Tous  in  respect  to.  the  terms  renUf  obsaved ;  tf  ttey 
tenth  or  the  twentieth  part,  we  may  eonteat  ounchres, 
inconvenience,  with  a  recfilinear  ia/eipatefMn. 

In  other  cases,  we  must  apply  to  the  numbers  obtsinfld  by  Ab 
method  a  correction,  thaik  is  somctmies  positlre,  at  other  ttmet  BC|n- 
tive ;  in  order  to  be  able  to  apply  it,  we  must  dednee  it  Asm  the 
observations  themsehres.  Let  us  continue  to  suppose  that  the  ohmr- 
vation  omitted  is  that  of  otte  o*clodc ;  we  must  take  in  the  pnesAiig 

or  following  days  the  ^ndue  of  tiK  term  B,-  — j — =-  ;  B^,  B|,  mi 

By  representing  respectively  the  barometric  readings  at  noon  at 
one  and  two  oVlock.  We  shall  obtain  a  series  of  numbers,  some  sf 
which  wiU  be  positi\-e,  others  negative ;  they  must  be  amnned  in  the 
same  vertical  column ;  we  obtain  from  than  the  BMan  ^wae,  rikr 
lia\'ing  summed  them  up,  attention  being  paid  to  the  lespetUfS  sini 
they  possess.  The  mean  thus  obtained  will  be  the  cwieition  so^fL 
It  often  happens  that  the  form  of  the  curve  is  already  known  wi& 
sufficient  exactness  by  anterior  observations,  made  under  Uiism* 
stances  neariy  similar.'  Conceive  that  these  obsermtions  have  given 
a  series  of  mean  numbers  of  the  form  b^,  bp  b,,  b^  and  tmneponi 
injT  to  the  different  hours  of  the  day ;  we  may  adopt,  without  mj 

further  calculation,  the  q[uantity  b|— >      .       as  npuwutiag  the 


Talueofthequantitysougiit  after.  The  legitimacy  of  this 

is  then  verified  «  potfmsr<  by  tiie  inspection  of  the  Bseans  of  oiw 

when  we  have  <d>tained  the  value  of  these  latter ;  let  ns   ~ 


them  by /i^./;,./^,^...:  if  tiie  quantity  ^ .«  4^  differs  bat 
Uttie  from  bj  —    *^   »  ,  it  is  useless  to  return  a  third  time  to  the 


value  of  the  interpolated  terms.    In  the  contrary 

stitute  for  the  provisioaary  correction  b,  -»  '^  f   *  >  the  ddUtive 

correction^,— ^^^». 

I  win  consider  fyuther,  the  case  when  the  ooasemtive  obscnatiuns 
of  one  and  two  o'dock  shaD  hare  been  omitted ;  let  Q^  Q^  be  Os 
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obMTTBtiaiu  of  D«in  >nd  thra  o'clock.     For  one  o'clock,  the  recti- 
Unear  InteniolatiDn  gives  . 

B.+  -■■3—- — V"^ 

Let  b^  b,,  b,,  b,,  be  itill  tlie  BU^Uary  leiie*  mplojed  lbr*ccir- 
Tccting  tie  InlctpoUted  Dnmbera ;  the  ootrectiDa  th*t  moit  be  sdded 

2B,  +  B,     .,,  2b,  +  b. 

toUkitenn  — -S^— 2  wiUbebi_     ^^    ' 

Other  amlogirai  caan  art  tesolTtd  in  tbe  lame  intiiiier. 

Finally,  nppoae  that  througboiit  a  «er(e«,  Ute  obaemtkna  of  tbe 
woe  hour  hare  been  omitted :  the  rdatiTe  mean  M  tUi  boar  irill  be 
WiUrdT  wanttag.  It  ia  then  neceanryto  atndy  theentlTe  range  of  tbe 
CBTTC  oaring  Qu  whole  period,  in  order  to  determhw  the  moet  proba- 
ble nine  irf  the  niidns  time.    There  ii  an  extended  omc,  In  iriiteh  a 


inllprfng 

in  marie 
>diiu 


■t  CBlcaktloa  may  lead  to  this  remit ;  it  ia  when  perlodinl  phe- 

—    — "- 1«  dlnmil  tl ^^-  ■- ' '-    ■'      -    -" 


of  time,  equal  to  tiie  entire  period ; 
till  mrtliod  maj  be  ^iplirBble,  it  la  farther  eaeeotial 
r  of  the  terms  of  the  cnne  really  determlaed  be  at 


oTt  I 


liere ;  Init  I  will  y 


.   obeerrationi   ». . 

fbr  H  year.  In  tlie  calculation  of  n 
<Tw^f   a  rin^  term  of  encb  a  serie 


wervatlona  mode  crery  three  lionn ;  contianInK  to  call 
m  b,  and  the  seren  known  termi  fodowlng  in  the  order 
«■  uiB  noun  d,,  b,,  b,,  b,,  Ik.,  we  ahall  bare 

b-l(b,-b,  +  b,  +  b,  +  b,-b,  +  b,)  +l-/T(''i-b,-l>,  +  b,). 
If  b  and  b,  were  both  miknown,  we  should  Ibnn  a  "tw^W  cqoa- 
tlOD  to  the  preceding  by  augmenting  the  iMDer  lidiea,  by  unity,  and 
by  >-li»wp*Mg  |j   into  0,  we  ^onld  liaTe 

b,-i(b,-b,  +  b,  +  b,  +  b,-b,  +  b)  +  j,/~(b,-b«-b,  +  b). 
Hwae  two  equations  nnited  would  gi*e  the  nine  of  b  and  b„ 
aecordlni  to  the  ordluary  methods  of  the  reaolnHon  of  two  eqoatlonl 
—•"- ~- ■        m  terms. — B. 
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Note  B.  p.  30. 

The  determinatton  of  meteorologiqJ  hww  depcndt  abofe  tfl  tthg» 
on  obflervation ;  and,  in  order  to  rwogniae  mt  Bwt«al  ^^Ti^tiVm 
that  may  exist  between  the  diifcrent  phenomena,  thqr  thoold  dl  be 
observed  simultaneooily.  But  the  taik  of  the  meteotolflgiat  woald 
then  become  so  wearifonie,  that  no  one  wodid  be  equal  to  tt.  Hanea 
tlie  iamentabie  blanki  in  tiie  series  made  even  by  the  matt  hborioiia 
men, — ^those  most  devoted  to  the  scienee.  We  may,  thacfoK,  eoB« 
edve  of  what  importance  to  meteorology  would  be  the  oomttneUoa  oC 
apparatus  so  arranged  as  to  presenre  traces  of  the  inflmaieea  to  wkUh 
they  may  have  been  snlgeet,  in  oonseqncnoe  of  variation  in  tte  pria* 
dpal  elements  that  are  ooasidered  in  the  scienee ;  and  whlei^  whfli 
once  a^usted,  would  themsdves  register  lor  a  certain  period  of  tiaay 
without  being  guided  by  an  intelligent  hand,  all  the  pniws  *^— T\gh 
which  temperature,  barometric  pressure,  the  foree  and  direcHni  of 
the  wind,  absolute  and  rdative  humidity,  ftc,  nuqr  have  passed. 

D*ON8-EN-BaAT,  one  of  the  most  distinguisoed  Thrrninlrliag  of 
the  last  century /Hppears  to  be  the  first  who  constmctsd  an  iaatrvBMMfc 
ofthiskind.  He  has  toserted  in  the  MAutira  de  PAneieme  Aemjhtk 
da  Sciences  (for  the  year  1734,  p.  123),  the  descripttm  of  an  *'aaa« 
mometer,  which  marks  of  itsdf  on  paper,  not  only  the  winds  tiot 
have  blown  during  the  twenty-four  hours,  but  also  their  diffnnt 
velocities  or  relative  forces.*' 

We  will  give  a  succinct  idea  of  the  part  of  the  apparatos,  which 
concerns  the  direction  of  the  wind.  A  vertical  cylinder  mounted  on 
the  same  axis  as  the  vane,  carries  twenty -five  pencils  of  equal  lengths, 
planted  perpendicularly  to  its  surface,  in  the  direction  of  a  helix, 
forming  ji  complete  spiral,  which  is  thus  divided  into  twenty-four 
equal  parts.  A  band  of  pi^per,  by  means  of  clock-work,  is  drawn 
parallel  to  itself,  so  as  to  be  grazed  slightly  by  one  of  the  pendls,  for 
a  certain  direction  of  the  vane ;  and  the  cylinder,  which  foUows  all 
the  movements  of  the  latter,  always  brings  to  the  surftice  of  the  paper 
one  of  the  twenty-four  pencils,  whatever  be  the  direction  of  the  wind. 
We,  therefore,  see  that  the  paper,  the  whole  of  the  surftce  of  which 

{masses  successively  before  the  cylinder,  carries  in  the  direction  of  its 
ength  a  succession  of  pencil-marks,  the  height  of  which  indicates  the 
direction  of  the  wind,  and  the  length  of  which  is  proportionate  to  the 
time  during  which  that  wind  has  been  blowing. 

This  ingenious  instrument  of  D'Ons-en-Bray  was  not  appreci- 
ated as  it  ought  to  have  been.  It  was  not  then  seen  that  the  princi- 
ple of  continuous  observations  might  be  extended  to  a  number  of 
other  instruments,  and  might  facilitate  experimental  research  after  a 
great  number  of  physical  and  mechanical  laws.  D'Alembrrt  him- 
self, in  the  article  '*  anemometer**  of  the  Encyclopaedia,  does  not  allude 
to  D*Ons-kn-Bray*8  instrument,  without  an  expression  of  doubt. 
It  is  scarcely  thirty  years  since  the  celebrated  German  hydraulician 
Eytklwkin,  while  making  some  experiments  on  the  motion  of 
water  in  the  hydraulic  ram,  devised  a  mode  of  determining  the  velo- 
city of  the  motion  of  certain  valves,  by  fixing  to  them  a  pencil  that 
should  leave  its  trace  on  a  P&pcr,  to  which  uniform  velocity  was  given 
bv  means  of  clock-work.  The  success  of  this  process,  the  perfect 
identity  of  which  with  that  of  the  French  mechanician  is  evident, 
ought  to  have  drawn  the  attention  of  experimenters.    However,  ic 
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not  until  long  after,  about  1830,  tliat  M.  Arthur  Morik,  at 
that  time  a  captain  of  artillery,  employed  it  in  a  regular  manner,  and 
as  a  ftmdamental  means  in  his  beautinil  researches  on  the  friction  of 
sliding  bodies.  It  is  remarkable  that  M.  Morin  does  not  claim  for 
Idmiw  the  first  Idea  of  this  method,  but  attributes  it  to  a  talented 
engineer,  well  known  by  his  works  on  geometry,  and  applied  me- 
chanfes.  But,  wfa&t  we  have  said  of  D'Ons-bx-Brat  wQl,  doubt- 
less, be  sufficient  for  us  to  restore  to  its  true  author,  the  very  remark- 
aUe  conception  of  i^paratus  for  continuous  indications. 

Moreover,  when  an  idea  corresponds  to  the  wants  of  an  age,  in 
the  sciences  as  in  the  arts,  it  presents  itself  to  the  mind  of  several 
persons  at  once,  is  manifested  under  various  forms,  and  is  applied 
VD  several  different  objects.  This  is  very  nearly  what  has  taken 
place  with  the  subject  in  question.  A  few  years  after  M.  Morin 
hid  made  so  useful  an  application  of  it  to  the  determination  of  the 
laws  of  the  fKction  of  slimng  bodies,  M.  Lalanne,  civil  engineer, 
proposed  to  employ  it  for  several  purposes,  and  addressed  to  the 
AeadfSmie  des  Sciences  a  memoir  with  the  detailed  description  of  a 
levelling  machine,  a  machine  to  raise  planes,  &c.  {Comptes  rendus  de. 
VAcad.f  1836,  p.  43.)  Not  to  speak  here  of  the  instruments  relating 
to  meteorology,  and  to  the  physics  of  the  globe,  it  will  be  sufficient  to 
moition,  that  tht  continuity  of  indications  was  applied  in  his  memoir 
to  the  anemometer,  barometer,  thermometer,  hygrometer,  udometer, 
to  the  eompass,  and  to  the  hydrometer,  which  indicates  the  rise  and 
faO  of  tides.  His  anemometer  presented  a  notable  advantage  over 
that  of  D*On8-en-Bray,  in  that  its  indications  were  perfectiy  con- 
tinuous, whflst  in  the  other,  each  pencil  only  began  to  act  a  short  time 
after  the  preceding  one  had  ceased  to  mark. 

After  this  communication,  the  Academy  has  received  several  others 
cm  the  same  subject,  and  apparatus  for  continuous  Indications  have 
been  eonstructea  in  various  localities.  We  have  seen  in  operation  at 
the  Observatory  at  Paris  a  thermometer,  the  temperature  of  which 
'sras  marked  on  paper  at  very  near  intervals  of  time  by  a  hole  pierced 
viitti  the  point  of  a  needle.  Captain  Hossard,  a  staff-officer,  has 
recently  proposed  to  borrow  from  photography  the  means  of  regis- 
tering t!^  indications  of  any  instrument  at  hours  fixed  upon  before- 
hand. It  is  really  desirable  that  this  excellent  idea  should  not  ex- 
perience too  many  difficulties  in  being  carried  out,  and  that  meteoro- 
togf  may  be  enriched  by  a  mode  of  observation  that  will  centuple,  in 
the  space  of  a  few  years,  the  still  incomplete  data  on  which  the  science 
at  rarnent  rests. 

Whatever  may  be  the  result,  there  are  now  in  England  i^paratus 
for  continuous  indications,  both  weU  conceived  and  well  executed, 
which  appear  to  act  in  a  satisfactory  manner.  The  first  number  of 
the  journal  entitled  The  Illustrated  Polutechnie  Review  (January  7th, 
1843),  gives  a  brief  description  of  one  of  these  apparatus,  including  at 
once  an  anemometer  and  a  pluviometer.  M.  Newman  is  mentioned 
as  haviiu^  introduced  several  important  ameliorations  to  this  appa« 
ratus,  which  is  attributed  to  Mr.  Osler.  The  direction  and  inten- 
sity of  tile  wind,  as  well  as  the  quantities  of  rain,  are  marked  by  three 
different  pencils  on  the  same  sheet  of  paper,  which  is  1"  long  by  0",30 
wide,  to  which  a  clock  communicates  a  progressive  movement,  and 
which  is  sufficient  for  the  observations  of  twenty-four  hours.  The 
index  of  the  direction  of  tiie  wind  is  so  arranged  that  equal  spaces  on 
the  paper  are  allotted  to  equal  points  of  wind.    The  force  of  the  wind 
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It  dircetty  mcMored  by  the  jfnuwn  it 
dbtBrmlaate  extent.* 


Another  BUBber  of  the  •UBenivi0v(tkit  «f  VMnMT#h|1Mi), 
IMS  given  the  fltf-siinile  of  the  tmceeklk  m  the  pi^v  aTte  tam^ 
ment  poeeeeeed  by  the  PolytechBle  latri 
tte  tempest  of  FHdtaqri  the  ISth  of  tiie 
igwe  is  very  cnriout ;  it  enables  ne  toM 
ttnt  ooeorred  dnring  the  jneinleuee  of  the 
ments,  the  sul]|)eets  of  the  observation. 

M.  Ch ABALLOK,  hydromphle  CBglMer 
hanring  any  knowledga  af  ue  labovm  pnvloQalf  wmdm^am  la  Mi 
wAittt,  waa  also  eniaged  hi  it,  hna  Iwt  cnoted  at  A^tan  m  m> 
aaialiii  iif  lliii  laaiii  Hiiil    iiblrh  nffl  tim  the  ka  itftliii  awlKhMii 
Se  levd  of  the  sea,  at  the  aaae  time  vtth  tho  pnaanro  arte  1 
r,  and  the  intensity  and  dlreGtioB  oT  the 


ghren  Indifeetiy,  aa  hi  rWoLTM AM'a  niil,  by  tim  i 

made  in  a  given  timei    Witik  regard  to  the  ulitMihm» 

by  three  poicils  airaagad  at  eqnal  intervabon  thai 

caain,  in  sach  a  manner  timt  only  one  at  n  tim 

that  one  of  timm  begins  marfcfag  aa  aoon  aa  the 

«f  the  paper.    TUs  last  anangaaeat  a«a  ako  devlaad  bf  the 

ot  the  meaMiir  cited  abofo* 


Note  C,  p.  M4. 


For  a  long  time,  meteorology  and  botany  irere  cnttintei 
rately,  as  sciences  that  had  no  oonnezion  with  each  other.  Flnta 
were  studied  as  inanimate  things,  and  not  as  living  bein^  ulatid  to 
every  thing  that  snrroands  them.  The  spirit  of  speanhty  rabed  aa 
insnrmountable  barrier  between  two  sdenees  ai^mrtntly  foreign  to 
each  other.  It  vras  reserved  to  M.  di  Humboldt,  who  nidted  in 
himself  the  sum  of  human  knowledge,  to  shew  that  meteorology  aai 
botany,  so  distant  in  the  hierarchy  of  the  sciences,  are  sisters  in  ths 
harmonious  co-unity  of  Nature.  In  his  numerous  tmvela,  he  had 
every  where  seen  v^etation  modified  or  changed  when  the  T*trf1r- 
logic  conditions  were  not  the  same  ;  he  studied  the  relations  emstiag 
between  the  physiognomy  of  American  flowers  and  the  ^"■■****"  ta 
which  they  correspond,  and  thus  created  Botmmtal  Gtogrupky, 

In  this  complex  scienoe,  geography,  the  physics  of  the  globc^ 
geology  and  botany,  lend  their  hand  to  unveil  to  us  the  laws  that  pre- 
vail in  the  distribution  of  vegetation,  and  the  caases  of  these  lawa^ 
If.  Kaxmtz  was  obliged  to  confine  himself  to  shewing  the  inflacace 
over  vegetation  of  sea  and  of  continental  climates  (p.  175),  and  that 
of  the  decrease  of  temperature  with  the  height. 

If  we  travel  firom  south  to  north,  we  pass  through  differcat  veget- 


able regions ;  but  we  conceive  that  these  aones  are  umifeed  by  isothcr- 
Bial  curves,  and  not  by  lines  parallel  to  the  equator.  To  oetenaiae 
the  northern  limit  of  the  different  species  of  vegetahles  is  a  Ubour  of 
no  use  either  to  the  advancement  of  scienee  or  even  to  the  petfiDC* 

•  rug  Note  y.  AppewUz,  No.  11. 
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tkm  of  agricnltare,  or  the  forest  art.  But  here,  the  choice  of  plants 
m  not  a  matter  of  indifference.  There  are,  indeed,  vegetables  that 
can  live  and  propagate  in  different  climates,  as  the  shepherd's  purse 
{^Capsella  bursa-pastoris)  the  dandelion  {Taraxacum  dent  leonu)^  wild 
tliyme  {Thjftnus  serpsflluM)^  &c. ;  they  mnst  be  rejected  in  order  to 
characterise  yegetable  zones.  1  shoidd  say  the  same  of  cultivated 
plants,  that  man,  by  dint  of  care  and  trouUe,  has  made  to  grow  be- 
neath a  sky  that  is  not  made  for  them.  The  study  of  their  distribu- 
tiqn  is  interesting  in  a  more  special  manner  to  the  farmer  and  the 
ceonomist.  The  vegetables  that  may  serve  to  characterise  a  climate 
should  indude  certain  conditic»is,  the  first  of  which  is  to  be  found  in  a 
wOA  state  in  the  countries  they  inhabit :  it  is  not  necessary  for  them 
to  be  very  common,  but  they  ought  not  to  be  rare.  We  should  choose 
vltible  plants,  and  such  as  are  easily  recognised  and  very  well  known, 
•o  that  there  may  be  no  doubt  as  to  thev  generic  or  specific  name. 
la  general,  botanists  have  preferred  trees,  sudi  as  laurels,  oaks, 
heeu,  diestnuts,  pines,  firs,  &c.  This  selection  is  excellent,  because 
these  perennials  cannot  live  except  in  a  condition  for  resisting  the 
ligoar  of  winter ;  but  they  do  not  always  firuetify  in  summer :  we 
a£mld,  therefore,  carefolly  distinguish  the  limit  at  which  they  cease 
to  exist,  and  that  at  which  they  cease  to  fructify.  Sometimes  these 
two  limita  are  confounded,  but  they  are  frequently  distinct  and  very 
distant  from  each  other. 

When  we  have  made  choice  of  the  vegetation,  by  which  a  zone  is 
characterised,  it  vrill  be  easy  to  group  around  it  the  most  remarkable 
plants.  Thb  work  has  been  accomplished  for  Europe  by  M.  Schou  w, 
in  his  work  entitled  Buropa^  pkutiseh'geographiscke  SekUdenmg, 
He  distinguishes  four  principal  regions  in  Europe:  1st.  Hie  region 
ef  trees  with  ever-green  foliage.  7A.  That  of  tiie  chestnut  and  the 
oak.  3d.  That  of  the  oak  and  the  beedi.  4tii.  That  of  the  pine  and 
the  birch.  These  regions  correspcmd  very  well  with  the  agricultural 
regions,  that  are  respectively  characterised  by  the  cultivation  of  the 
olhre,  the  vine,  cereals,  and  the  absence  of  all  culture.'* 

Botanists  have  then  endeavoured  to  learn  what  the  absolute 
number  is  of  species  contained  in  a  region.  This  determination  pre- 
sents great  difficulties  ;  for,  Europe  excepted,  we  may  say,  that  we 
never  know  above  a  small  portion  of  the  species  that  enter  into  the 
flora  of  any  country ;  and  it  follows,  that  the  numbers  given  are  only 
provisional,  and  may  be  completely  changed  when  persevering  re- 
searches have  made  known  aU  the  veget^le  riches  of  a  country. 

When  the  list  is  as  complete  as  possible,  we  take  notice  of  the 
families  and  genera,  the  species  of  which  are  predominant,  and  we 
then  obtain  an  idea  of  the  vegetable  forms  that  characterise  a  botanic 
region. 

The  study  of  dimate'must  advance  parallel  with  that  of  vegetation ; 
and  the  dimateric  circumstances  frequentiy  explain,  in  the  most  satis - 
foctory  manner,  the  differences  presented  by  the  flora  of  countries 
very  near  to  each  other,  and  very  similar  in  other  points  of  view. 

The  vegetation  of  mountains  presents  to  us,  on  a  small  scale,  the 
image  of  t^&t  of  the  earth  considered  as  a  whole.  At  the  foot  of  the 
mountain,  we  find  the  flora  corresponding  to  the  dimate  of  this 
region ;  but,  in  proportion  as  we  ascend,  £e  vegetables  of  the  plain 


*  On  this  subject,  vide  slso  the  Revue  IndSpendante  of  January  10th.  1843. 
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iisuipMr  b  Older  to  ghreplaee  to 
to  die  eolder  icgkms.    Tbiu,  tiMBy  tD 
trsvel  towards  the  pole  ii  to  tnnrcne 
and  more  boreaL 

We  may  stndy  the  tcgcUtkm  of 
Itt.  lb  determine  the  altttiiAiialVBlt  of  tiie 
thns  to  dMde  tlie  moontain  into  i 
tliat  are  found  wben  we  go  fhni  aoatli  to  aoittik  ob  tka 
continents.    2d.  To  make  the  flon  of  ooe  of  tkoio  an 
and  to  compare  it  widi  tliat  wUdi  ooffraDOBda  la  MHa 
two  dasses  of  reaeardi  present  dJliraWra  ttat  are  rqa  Jf 
atthouffh  of  a  different  natorc.    If  we  tnT 
limit  or  a  characteristie  plant  in  a  ^ala  of 

indnde  in  the  aocoont  tiSe  directfan  of  tte  aide  ob  vlddi  it  b  ii^. 
Thus,  wegcnerallj  see  plants  rise  Idg^oo  the  aoaftlithiBiBtteBaft 
aide;  bat  we  diaU  soon  recognise,  that  oa  the  saBW  aide  Od^dHtrihil 
limits  Tary  greatlj,  according  to  the  coalgmalfcm  la  tha  nHtf  of  itt 
■woods,  the  direction  of  the  nJkys,  tiie  fhiiiy  i  they  dot— haJaait 
of  the  predominant  winds,  the  nabire,  colicrenee,  eatoar.  aad  kaii- 
dityofthesoU,andahostofotharcaBaea,SQaaB  of  aMek 
most  attentive  dbsenrattoa.  Tte  lUkmina  Is  a  peoof :— ^ 
and  eren  travdkrs  have  been  stradE,  in  the  Al^  aft  tha 

presented  by  the  zone  diaracterised  by  rhododeodraaa  (M 

femtgineum  and  Jt.  htrtuiitm).  These  decant  ahnolM,  eovcnd  wtt 
beautiful  red  flowers,  form  a  i^on  distinctly  limltrd,  which  taccwdi 
that  of  the  pines,  and  precedes  that  of  the  Alpine  plants.  They  aie 
ever  (quoted  as  a  very  evident  examnle  of  a  vegetaMe  soac^  tibe  hei^ 
of  which  above  the  sea  is  very  fixed.  In  a  joomcy  on  tihe  two  ddes 
of  the  Alps,  comprised  between  Mont  Bkncand  Mont  Rosa,  1  ander- 
took  to  determine,  by  means  of  the  barometer,  the  limits  of  this  aoae, 
and  the  following  are  the  numbers  I  obtained : — 


XIMIT  OF  THE  ZONE  OP  RHODODENDKONS,  ON  THE  TWO  SIDBt  OF 

THE  PENNINE  ALPS.* 


NORTH  SIDE. 

SOUTH  SIDE.                  1 

Lower  Limit. 

Higher  limit. 

Lower  Limit. 

Higher  Liadt 

1220" 

1469 

1494 

15S4 

1640 

1691 

1984- 
2079 
2112 
2208 

»> 

868- 
1500 
1620 
1670 
1677 
1788 

1898- 

2081 

S120 

S152 

2194 

2388 

1509 

2101 

1517 

2139 

*  In  this  tabic,  the  numbers  have  been  amnfced  timply  aceordlnfr  to  thdr 
vnluc :  and  the  two  limlto  pUced  opposite  to  esch  other  do  not  nccewwilj 
rtfer  to  the  same  locality. 


TSGBTATIOn  07  M0UHTAIH8.  489 

We  aee  that  these  numbers  present  great  differenees  on  the  same 
tfde ;  bowerer,  we  may  say  in  general  terms,  that  the  acme  of  rhodo- 
dendrons has  a  height  of  692  metres  on  the  north  side,  and  632  on  the 
aofath.  Thus,  the  direction  has  little  influence  over  the  altitudinal 
limits  of  the  rhododendrons,  which,  in  the  Pennine  Alps,  appear  to  be 
almost  the  same  on  both  sides. 

Isolated  mountains,  such  as  the  Ventouz  in  Provence,  Etna  in 
Sicily,  and  the  Peak  of  Teneriife  in  the  Canaries,  are  of  singular  ser- 
vice in  the  studies  of  botanic  geography  ;  for  there  a  portion  of  the 
disturbing  causes,  tliat  we  have  pointed  out,  tend  to  disappear.  It  is 
tm  these  mountains  tnat  tlie  influtuce  of  exposure  becomes  predomi- 
nant ;  for  it  is  not  counterbalanced  by  tlie  protection  formed  by  the 
mrroiunding  woods.  Tlius,  on  these  mountains  a  few  barometric 
neasurements  are  sufficient  to  determine  the  limit  of  a  plant,  whilst, 
cm  kmg  chains,  the  exactness  of  the  results  is  in  proportion  to  the 
Bomber  of  obsorations  from  which  the  means  have  been  deduced. 

TIm  nature  of  the  soil  has  sometimes  an  equal  influence  with  that 
df  climate ;  tiras,  in  Norway,  thit  wood  pine  is  next  to  the  white  birch, 
the  tree  that  advances  fiirthest  to  the  north ;  in  particular,  it  passes 
beyond  the  pitch-tree  {Abies  excelsa).  In  the  Alps,  every  thin^  is  the 
reverse :  the  wood  pine  stays  at  the  foot  of  the  mountains,  whilst  the 
mean  limit  of  the  Abies  excelsa  is  1800  metres.  This  is  because  the 
pine  cannot  flourish  except  in  a  sandy  soil ;  now  the  alluvial  soil 
ceases  at  the  foot  of  the  Alps,  the  pine  stops  at  its  limit.  In  the 
north,  on  the  contrary,  it  is  found  even  in  the  most  distant  fiords  of 
Lapland. 

If  we  wish  to  make  the  complete  flora  of  a  vegetable  zone,  in  order 
to  know  what  the  plants  are  that  are  peculiar  to  it,  and  those  which 
rise  from  the  plain,  or  descend  from  the  higher  regions,  the  same 
difficulties  are  experienced  as  for  the  flora  of  a  country  on  the  plain ; 
namdy,  that  nothwithstanding  the  most  persevering  researches,  we 
always  risk  being  incomplete.  It  is  good  in  this  case  to  prefer  an 
isolated  summit,  because  then  the  limits  of  the  region  are  better  cir- 
cumscribed, the  action  of  climate  is  more  powerful,  and  the  influence 
of  neighbouring  r^ons  less  marked.  Ramoxd  was  the  first  to  give 
an  example  of  this  Idnd  of  researches,  in  his  memoir,  entitled,  State 
qf  Vegetation  at  the  summit  of  the  Peak  qf  Midi  de  Bagnhes,  This 
summit  is  2880  metres  above  the  sea.  Ramond  ascended  it  thirty- 
flve  times  in  fifteen  years  ;  and  each  time  he  collected  all  the  plants 
that  he  found  in  flower.  The  lower  limit  of  these  herborisations  was 
aixteen  metres  below  the  summit.  He  established  the  existence  of 
133  species,  of  which  seventy-one  were  phanerogams  and  sixty -two 
cryptogams. 

I  executed  the  same  labour  on  the  summit  of  the  Faulhom  in 
Switzerland.  The  devatlon  of  this  summit  is  2683  metres ;  it  is  ter- 
minated by  a  cone  eighty  metres  high  and  four  and  a  half  hectares 
in  superficies.  I  undertook  the  flora  of  this  cone  with  my  friend, 
M.  Bravais.  We  stayed  there  forty-five  days  in  1841  and  1842. 
The  climate  of  the  summit  is  now  very  well  known,  thanks  to  these 
two  sojoumings,  and  to  those  of  M.  Kakmtz,  which  had  preceded 
ours:  for  now,  the  knowledge  of  the  temperature  of  the  summer 
months  rests  on  131  days  of  observations,  distributed  through  four 
different  years. 

The  following  are  the  temperatures  of  the  summer  months  and  of 
the  year ;  those  of  winter  and  spring  possess  no  importance,  since  the 
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fdants  are  then  buried  under  a  bed  of  snow,  which  afaniott  alwiyi  at- 
tiins  several  metres  in  thlcbwaw. 

{June ^jS 
i'l^':::  3;? 
Septmber    1  fS 

Mean  of  the  year,  —  9P,3S, 

Very  weD  1  under  the  dimate  ifhieh  fa  eoMer  timn  ttat  of  the 
North  Cape  (lat.  71*),  and  the  annuner  of  whiA  fa  aearedy  varmer 
than  that  of  Spitsbergen,  on  this  iaolafced  rodc»  beaten  by  vinda  ha 
all  directions,  nearly  900  species  grow,  of  whldi  iMare  phanuoga— ■ 
that  flower  in  the  snnuner.  When  we  look  tivoogh  the  Uek,  we  iai 
plants  of  the  plain  that  have  ventured  to  thfa  height.  Sack  ant 
Cerastium  arven9€t  AkheadUa  mUganM^  Cspsrlla  ftarM-jMilerii^  Jt^f^ 
wna  serpUlum,  Sue. ;  otiiers  bdong  to  the  sabatpine  reghm ;  Ibr  es- 
ample :  Acomtum  tttyelfas,  ilroMs  a^iteo,  Oixpirtpii  eampuirii,  Jbr<m 
niea  scorpioideSf  Bartma  o^iiae,  Oiniam  ijifaoitiriiam,  GenMeaei 
pestris,  Pkalangmm  aeroliaam,  fte.  A  neat  number  hare 
observed  by  Ramono  on  the  peak  of  the  Midi,  and  aiuat  be  c 
dered  as  really  mountain  plants.  Sudi  are:  Cordaaitee  trfWdyblie, 
Draba  fladnizauitf  SHene  aeaulu,  Jhyas  oetppetaia,  Sca^firmgm  sM- 
Uais^  S,  opposifi/oUaf  Oxyria  fenf^bmiiff,  Pofygtmmm  vMpm  aai,  and 
TUseittm  subspieahim. 

I  cannot  here  enter  into  fuller  details  on  the  interestlncr  eouiez- 
ions  to  which  these  comparisons  gi^ve  rise ;  but  I  hc^  to  devdope 
the  subject  in  the  botanical  part  c^  the  Vovagts  of  the  Committkm  <^ 
the  Northy  and  to  shew  what  are  the  analogies  and  diflierenees  be- 
tween the  vegetation  of  the  elevated  summits  of  the  Alps  and  that  of 
the  northern  countries  of  Norway,  and  Spitsbergen  in  particular. 


Note  D.  p.  227. 

The  whole  of  organic  nature  is  found  to  be  in  dependence  upon 
meteorological  phenomena.  The  influence  of  climate  is  very  poweiibi 
orer  the  existence  and  developement  of  vegetables  and  ■"**^Mt 
However,  among  inorganic  masses  there  are  some  that  are  also 
powerfully  mod^ed  by  temperature,  moisture,  winds,  rains,  snow, 
and  barometric  pressure  :  these  are  the  glaciers.  The  author  has  al- 
ready sufficiently  shewn  the  mechanism  by  which  a  glacier  is  formed. 
Derived  from  the  region  of  eternal  snows,  it  desmds  like  a  seBd 
river  into  the  valleys  that  proceed  from  them ;  and  lower,  in  propor- 
tioa  as  the  regions  of  etenial  snow  whence  it  originates  are  higner. 
Thus,  from  the  height  at  which  the  lower  part  of  a  glacier  is  found, 
above  the  level  of  the  sea,  we  may  almost  determine  that  of  the 
re^n  of  eternal  snows,  whence  it  derives  its  origin.  The  fiutiMr 
this  lower  part  of  the  glacier  descends  toward  the  phiin,  the  more 
elevated  in  the  atmosphere  is  its  higher  part.  The  following  fa  the 
proof.  Among  the  gladers  whose  elevation  above  the  sea  fa  known^ 
are  those  of  Grindelwald,  the  Bossons,  and  Brenva,  which  deseend 
lowest,  the  mean  height  of  their  lowest  part  befag  1330  BMtres  above 
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Uw  level  of  tlu  lot;  now,  thcM  four  grladnt  deieead  frnm  Hont- 
BUdc  uiiI  the  Juniftan,  the  two  moat  derated  anuumts  of  the  cut- 
cm  ud  weateni  Alp».  Doubtleaa  the  direction,  and  tbe  depth  ud 
width  of  the  villey,  an  not  without  theli  influence ;  but  the  pHneipil 
cocditJon  la  the  elevatioa  of  their  aourre,  or,  la  other  votdft,  the 
climate  of  the  glacier  at  ita  orfg^.  We,  therefore,  see  that  the 
hngth  and  power  of  the  glacier  are  the  direct  result  of  atmospheric 
COndhloni,  and  o(  temperatare  in  pnrtlcalar. 

Let  tu  now  examine,  under  a  porelr  meteorotogieal  point  of  view 
Um  pfaoioiDeDa  prewnted  hj^  glader* ;  we  ahaU  aee  that  it  ia  not  nut 
to  oudotain  that  the  time  will  come,  when  we  shall  be  able  to  con- 
dade  the  modMeation  of  a  glacier  from  those  of  the 
«Bd  tict  wnS.  Bat,  in  order  to  eitablish  in  a  positive 
point  which  connects  meteoroJof^  with  the  phjsics  of  tit 
detinble  that  long  aeries  of  obaervations  be  made  In  th 
hood  of  the  glaeitn,  in  order  to  connect  the  twoordrraot 

Of  all  atmospheric  a^nts,  temperature  ia  that  whoM  anion  is  une 
moat  energetic.  The(tli«:ier,  doubtless,  is  alaomnlertheinflnenceof  that 
afthannl ;  hot  MM.  BiiiCHOrrandELiEDiBEACHON-T  have  shewn 
that  this  action  ia  altogether  insignifiFant,  and  >nav  be  neglected. 
Temperatare  acts  In  two  wHys:  first,  itdlrectlymclta  the  glacier,  prin. 
cdpallyitlts  lower  part,  then  the  snow,  couvertcd  into  water  under  ita 
Influence,  inBltratea  Into  the  mass,  peoetratea,  hollowaoul,  and  undcr- 
Biinei  It,  and  forms  galleries  and  caves,  that  admit  the  external  olr  ; 
■od,  oader  thia  triple  influence,  the  mass  of  the  gladtr  diminishes, 
and  ita  lower  rxtremity  ia  partly  melted.  If  this  melting  Is  of  sotti- 
dtst  amount  to  prevail  over  the  pri^resdon  of  the  glarier,  then  the 
ItftCT  Tceedes  j  olberwlac  it  continues  to  go  onward,  even  during 
atmBet.  Thns.inlSlH,  according  to  themeaknrementofM.de  Char. 
TBimiB,  the  glacier  of  the  Rhone  advanced  forry-elght  metres.  But, 
during  the  hot  aummen,  the  glacier  generallj  receded  very  sensibly. 
It  Ibllijw*.  from  the  alteraatlnns  o(  hot  and  rainy  siunmera.  that  we 

•iBders,  which  sometimes  advance,  carrying  before  them  trees  and 
bams,  and  sometimes  recede,  leaving,  as  a  trace  of  their  passage,  a 
barren  itril.  strewed  with  flinta,  ^and,  and  blocks  of  rock. 

But  tcmperatutc  al^o  effects  a  eomplete  change  on  the  surface  of 
•  ^ader.  During  a  hot  day,  innumerable  streamlets  of  water  How 
ijrer  Its  enrfoce  and  fall,  like  cascades.  Into  the  crevices ;  small  trans- 
parent pofds,  perfectly  blue,  are  formed  in  the  hollow  parts :  but 
when  a  cold  and  dear  night  succeeds  this  day,  all  returns  to  silence  ; 
the  brooks  are  stayed,  the  poola  of  water  are  covered  with  a  pcUicle  of 
kc  ;  and  the  next  cbiy  this  movemeat  begins  again,  when  the  sun  comes 
to  raanlnute  this  motionless  plain. 

Tlie  upper  surface  of  the  glacier  melts  as  well  as  the  lower;  wecon- 
tlnccd  ourselvea  of  thli,  by  planting  stokes  and  burying  stones  in  the 
lee  iBtthe  end  ofa  certain  time  the  atakea  were  exposed,  and  the  atones 
e  surface  of  the  glader.     By  direct  moMuremi   ""    '"'  " 


level  of  these  stones  remained  the  same  ao  long  as  they  were 
in  the  gl*der,  and  that  It/efl  from  the  moment  that  they  were 


le  rocks  by  which  the  glacier  is  bounded,  we  praied  t 

- *      ' -igasAeywcr, 

at  thevw 

,   . _ jll  of  tlw  enrhee.     In  the  a 

,  [.,from  July  a6thtoSeptember4th,withamean  temperatnieof 
4",61,  and  a  relative  humidity  (rid*  p.  78)  of  78  per  cent,  M.Bbavais 
and  1  recognised  that  ttie  mean  diurnal  melting  of  the  aurface  of  the 
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jUamu  dwerved  a  id  oC  t 
wr  d^r>  OB  te  iM«r  of  Hi 
IbiiDd  that  the  «A  of  let  at 
cortfaDCtictfroB  Jne  M  to  SiptoBbar  10. 

TUs  fdl  of  the  latee  glfti  ite  to  at 
a  tone  Uock  of  sloM,  byiti 
a0iBittk0MlioBortk0io»  toaiee' 
STfee  cnKMcd  to  tte  actka  of  knft  ii 
the  raifMe  or  the  i^Mkr  fldb,  wA  to*  Uwk  ii  «t  iR^  oa 


ormpedestaloriec,th0  height  of  wkUkcHci  «■ 
toe  iBdtfaw  of  the  chKkr.  Than,  «t  ifl  fiwei  ^ 
•ofcred  by  a  MM  cTUodcs,  ^  ohMTO  thrt  Ito  I 


by 

The  hyBooMtrle 
theiir  ii  W  aad  dry,  the 
the;  ifUleeoldaad 
0ODtilhttte  to  Us 

An 


oftheiir 


and  here 


«o3d 


wm  he  ftffl  more  BHvfced,  if  the  irfr  hi  b 
toe  adioa  of  tto  wtod  li  added  to  tiMtoTthe 

b  It  aeeeoevf  to  hMbt  oa  the  part  pl^fad  Iqr 
fai  the  ooQBOiBj  of  gladere?    Whodoee  aot 

rafais  haitea  the  laemng  anidi  more  toaa  WB  air»  < 
glicater  cnacity  of  wafeer  fcr  heat ;  thrt  a  thich  had  of  nav 
temponrily  under  shelter  from  atmoopherie  hiftneneet,  aoi 
toese  influences,  as  sooa  as  it  enters  into  fusion  ?     "Bot  the 
preciation  of  the  port  played  by  all  the  mcteorolagk  ^^ca 
require  long  and  persevering  researches ;  it  is  hy  oUmihig 
neonsly  the  glacier  and  the  meteorological  instnuncnti,  toift  i 
arri^  at  an  appreciation  of  the  phenomena  that  it  piKWiiti,  m 
haUy  to  the  cuscovcry  of  their  causes. 

Docs  haxometricpressare  nlay  an  important  port  ia  the  ^ 

mcna  of  glaciers  ?  This  part,  doahtless,  is  not  comparable  to  toift  flf 
temperature,  grinds,  and  hydrometeors ;  nevertheless,  I  hate  bem 
able  to  establish  that  pressure  is  not  aJtaecther  foreign  to  their  fonm 
tion.  A  mass  of  snow,  when  not  settled,  is  filled,  as  we  know,  «i& 
an  immense  number  of  bubUes  of  air ;  when  this  mass  is  pcurtiahd 
with  water,  it  is  then  changed  into  a  gladcr  by  successive  coagda- 
tions,  the  air  is  disengaged  in  the  form  of  little  bubbles,  that  rise  ni 
burst  on  the  surfoee  of  toe  little  pools  of  water,  of  whi^  I  tote 
spoken,  and  with  a  very  marked  crepitation.  Now  on  the  giackr 
that  I  observed  the  mean  barometric  pressure  is  only  560"»,  insteal 
of  762,  as  at  the  sea-coast,  in  equal  latitude.  It  is,  therefore,  evi- 
dent that  the  bubbles  must  be  lUwrated  with  'greater  facility  thaa  if 
the  phenomena  occurred  at  the  level  of  the  sea. 

I  do  not  here  enter  further  into  detail ;  my  only  obfect  was  tB 
shew  that  glaciers  form  the  transition  betacen  gc<^ogy  and  mcteoro- 
lc^7 ;  and  that  their  dependence  on  the  atmos]^cre  ^  much  greater 
than  that  of  lakes,  rivers,  and  the  sea.  The  study  of  their  pheno- 
mena presents  great  difficulties,  because  they  are  very  complex,  and 
result  from  the  combination  of  forces,  the  knowledge  of  which  eaters 
into  the  domain  of  physics,  chemistry,  meteorology,  the  physics  of  the 
globe,  and  geology. 
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Note  £,  p.  342« 


As  M.  Feltiek  deduces  from  his  experiments  and  oVsenrations 
interpretations  Yery  different  from  those  of  otiier  philosophers,  we  deem 
it  naeftil  to  present  here  the  summary  of  the  researches  that  he  has 
poUlBhed  up  to  the  present  time,  and  those  which  he  has  recently 
commnnicated  to  ma. 

An  old  experiment  of  De  Saussure  and  Ermank,  which  re- 
inainfd  without  any  result,  is  the  starting  point  of  the  series  of  facts 
which  induce  him  to  regard  the  aqueous  and  igneous  phenomena  on 
tiifl  atmosphere  in  an  entirely  new  point  of  vi^.  The  following  is 
this  ftmdamental  experimenti  as  it  has  been  modified  by  M.  Pel- 

TIRB.* 

A  person  stands  on  a  perfectly  open  place,  above  all  the  surround- 
ing oligeets :  he  takes  an  electrometer,  armed  with  a  rod  of  about  four 
decimetres  in  len^h,  surmounted  by  a  ball  of  polished  metal  of  from 
three  to  four  oentmietres  of  radius,  in  order  to  increase  the  effects  of 
induction,  and  to  avoid  the  escape  of  the  electricity  which  may  be  re- 
pelled in  the  upper  part.  The  instrument  is  held  in  one  hand  and 
a4justed  with  the  other,  by  putting  the  rod  in  connexion  with  the 
platinum.  All  the  reactions  being  equal  on  all  sides,  the  ^Id  leaves 
of  the  electrometer  fall  straight,  and  mark  zero.  In  this  state  of 
cqvdlibrium  the  instrument  may  be  left  in  contact  with  the  free  air  for 
a  whfde  day,  under  a  clear  sky,  without  its  manifesting  the  least  signs 
of  dectridty :  we  may  even  move  it  and  agitate  the  air ;  from  the  instant 
it  is  held  at  the  same  height,  it  will  remain  entirely  still.  But  if,  in- 
stead of  leaving  it  in  the  same  stratum  of  air,  we  raise  it  from  four  to 
fkft  decimetres,  we  immediately  see  the  gold  leaves  diverge  and  indi- 
oite  a  vitreous  tension.  (M.  Peltier  prefers  the  words  vitreouM  and 
fVftiiaiM  to  positive  and  negative f  as  beine  less  significant  and  not  sa- 
vouring of  any  theory.)  If  we  restore  the  instrument  to  the  original 
place,  the  leaves  &11  again  exactly  to  zero ;  if  we  cause  it  to  descend 
oelow  this  point  of  equilibrium,  the  leaves  diverge  again,  but  then 
fiiey  are  charged  with  resinous  electricity.  On  rabing  it  again  to  the 
original  point,  the  instrument  recovers  its  zero,  and  preserves  nothing 
of  the  free  electricities  which  it  shewed  an  instant  before.  Since  no 
free  electricity  remains  in  the  instrument,  the  air,  therefore,  has  not 
•communicated  any  thing  to  it,  and  the  signs  wliidi  it  gave  were  only 
the  result  of  a  new  distribution  in  the  electricity,  whidd  the  rod  pos- 
sessed at  the  point  of  equilibrium ;  we  have  merely  to  replace  the  in- 
strument at  tJie  same  point  to  make  them  disappear.  Iney  were,  in 
short,  only  signs  of  induced  electricity  in  a  body  which  approaches  or 
recedes  from  another  charged  with  free  electridty^-a  phenomenon 

*  Fide  his  Memoirs  in  the  Atmatei  de  Chimie  et  de  P^sique,  t.  ir.  3d  series ; 
M^moires  de  I* Acad,  de  Bruxellei^  t.  xy.  2d  part;  his  Ti-atii den  Trombei ; 
the  article  Atmoapkere  of  the  Supplement  to  the  Dietionnaire  dm  Science*  Na- 
tureUet;  and  the  Conqttes  rendu*  de  I* Acad,  de*  Science*  of  Paris,  from  1838 
to  1842. 
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«tikh  ra>|f  bf  nprodnccd  in  a  room  hj  standioe  o>  ■  nt^  tt 

If.  ui9U*il  of  B  poliibed  bill,  m  plniv  tme  »r  tnvnl  pnMi.  m  t 
lighted  insUh,u  VoLTAdid,  tbf  phrnoinuioii  oaKi  tataMi, 
■ikd  BD  latip;«  pennils  us  to  dislinguiah  whethrr  Ibc  prinithc  Jm 
-ma  >  new  diitribDIiini  of  rieetricily,  or  whether  it  b  dBettidlTU» 
ftmii  Uu  stsuniihere.  In  fnct.  nbeii  wc  rauc  the  iimliiHW,  fla 
-  T  (lertridty  cocrfed  by  the  ri/rcoiH  indactiDn  of  ce""'"'  ^" 


to  tbs  atnmit}  a  the  rod,  initrndiif  iii»iiil»iiiiiig  ilw  If  !>»«.■»■ 
bj  tb*  ptioti  or  l^the  Aarof ;  vhen  «e  lowtr  the  uuttuo*  K  b*- -  : 


:ben  iwtiMiihtd.    TVa  there  rcuuing  portBUieat  i 

— """"■"  Is  UTon^T  Bttribalcd  to  thf  coDtut  oftbE  ^  , ,. 

irttoB  i^wBtcd  froiB  tbnl  of  the  cantnry  Boat  «Mdt  M 


ttty,  Which  Is  UTon^T  ■ttribalcd  to  the  coDtut  oftbc  ^  i  UkhNflV. 

(■1^  the  porttoB  i^wBtcd  from  tbnl  of  the  contnrf "-*  ' — 

ttaaahtattj  Uu  pouti,  and  whifh  no  do  IcDga  be 
Vr  rv|>lare  tbr  instnuoent  At  the  on^oal  point. 

'Riu  ciperiisait.  pcoiing  that  adtbrr  Um  air,  DOT  the  wcwtM 

ontncts  that  Volt*,  LAvoii-TEa,  and  Laplaci  had  draws  hM 
that  eiperimenta.  On  rcpeatjofi;  and  analjsiDg  thcw  luttr,"  IL 
PubTiKK  has  cndtsvmmd  to  proTc  tbat  v^onr  prodoeed  it  ■  tis-' 
pentutv  below  iio^  natitcnulE  veva  carries  on  free  dntridl]; 
tbMt  then  is  na  rlrctridCy  bal  that  formed  M  a  tcapmUte  ktoM" 
thaii   UP  .     Tl.is  IfHiiK-raturc  not  bf ina  that  of  thr  sar«Kt  rftK 

the  Eiaple  eraporaaoB  ol  saline  or  pun  wMetB.f 

Ihe  deetriatr  of  cknds  and  tap  cuu»t  be  deaiil:  ht^riNd 
whcMa  it  proeeeded.  As  soon  as  he  had  Isl^il  ttat  •• 
taicMral  globe  b  ■  hodr  charaed  with  nm«>  etaBkkK|,R«». 
CUT  to  dnoaatrate,  hj  expninuDt,  that  the  vnoar  iMA  riMi  h- 
nmMB  Bb>  »>«  tint  tUs  dcetzk  ittfe  of  the  ^oU  ta  •  |OThH 
CMw  aTenvanthn,  ud  thM  tUs  Utter  ur  M  mMmM  Mi 
wxtaptedkrahishtndoB.  Ilw  i^mor  irtikh  liM*  «««&««■* 
bifas  FMiMat  like  itidt,  Its  teodoa  miut  itawt  dow>wM*  MriHt 
thUofthe^Dbe,aadiKcariTdTredDc»aUit9eftatL  lUilirtM- 
takes  place;  and  Hdiijihalw  the  decrease  i<toTTe«MiH»iwHi» 
«■  the  eleeto««ieten  ia  pn^tntioa  asnpDiir  ■•  fctmad  daiiHtta 
hMtcf  thada;.  Thaae  imtrwments  do  not  gtrg  the  »im»i  rfU» 
whob  tf  the  deetridtjr.  bat  onl;  the  diAnnee  vT  tta  q^aflflw 
which  act  BpoB  the  CD*tti«>  oa  (he  ou  baud,  and  opea  Ite  ra4  IM 
Mstaias  the  gold  learM  OB  Oe  other.  It  fOUmrs,  that  thajaivto 
ptac«d  ia  the  eeatn  of  a  Ma«*  tt  t^obts,  eharpri  with  a  pMt 
oBaaHtotifdeelrfdtr.wlttoBtgMBc'thekaat^efit.  TVas.tMr 
■Wrrariag  Baufestatfaa  with  the  fonBation  erf  rapoiir*  ia  a  enrf 

e  craned  wtth  reriaoMi  eleetricitT  Hhe  tte  riiK 

froB  ^ne  downwaida  aguait  its  MtioB,  w&k  b 
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•iBctrietty  b  nuile  the  men  euily  in  proportion  a*  the  deogity  In- 
twtata.     Thli  la  why  the  electrometer,  which  had  ajmost  c«ued  to 

£n  electrir  sigas  in  the  middle  of  the  day,  graduiUly  reioTen  eitent 
Itl  iadications  wben  the  condensation  of  the  erenin;  la  felt :  the 
lower  tmpoun  become  ritrtoas  by  Indnetlon,  and  the  npper  Tnpouis 
haeoBW  moie  roiiuiai.  During  the  night,  the  lower  **poixrfl  being 
deposited  in  dew,  the  quantity  of  the  ritrtout  vqiours  bu  dimi- 
■iiheJ,  the  upper  vapoma  then  react  more  freely,  and.  towards  the 
nociiK  tbc  clectnnaetcT  gives  a  less  amount  of  lodicatiaD  than  tt 
dU  an  tM  prerknu  ctciud;. 

The  iiM  eAct  of  the  rialng  sun  is  to  canse  the  Tspcmrs,  that  are 
~~*~        ''    '  ig  the  night,  to  return  into  the  state  of  elastic  TspoDT, 
-  or  are  not  in  the  Tesieular  state. 

s  being  plmeed  between  the  reMtJumM  earth  and  the 
d  space,  the  Gist,  that  pass  Into  the  state  of  elastic 
laid,  cairr  off,  on  rising,  a  higlier  rttaout  tensloa,  which  thef 
sMalD  by  weakeniUE-  such  of  the  lapours  as  they  leave  behind,  and 
wUeh,  having  thas  brcome  less  rrtiitonj  than  the  globe,  are  cifrmai 
it  cDoqiariaan  to  it  and  onr  instTumenCa.  Dnring  this  first  moment 
ei  the  re<-cvaporation  of  the  upper  vaponrs,  the  strata  left  behind 
havli^  beeome  cilrtinis,  are  altractrd  by  tbe  earth,  act  more  on  onr 

snUl  at  length  the  sun,  by  darting  direct  rays  upon  tbe  earth  itself, 
warns  It  aad  reprodnces  rtivuna  -nfoan,  which  are  dUlnsed  in  tbe 
itnoaphut,  and  react  from  above  downwards  on  the  Instnuaent,  as 
OB  the  previous  evening,  and  reduce  anew  the  effect  of  the  globe. 

Tlda  play  of  electric  indactlon  is  shewn  on  a  very  gTuul  scale, 
•ad  aevaal  times  B'day.  srouad  the  tops  of  high  manntsins.  Since 
U.  PiLTiKK  has  established  that  all  grey  and  slate-coknred  duuda 
an  ibai|iil  with  rtnnotu  electricity,  and  that  id!  the  white,  rose,  or 
oiaB>e-«Dk>nred  clouds  an  charged  with  tilrana  electricity,  H  was 
caiy  lor  him  to  follow  at  a  distance  tbia  order  of  phenomena,  with- 
OW bdngobUgcd  to  go  and  meuoie  their  tension  with  the  electro. 
■«t*r.  This  Is  tbe  extract  of  bis  observations.  Wben  a  white  clood 
hMg>  over  the  Eununit  of  a  mounUun.  its  powerful  sifreous  tension 
raoM*  and  haiteni  the  ersporatiou  of  its  ^mp  sides ;  the  quantity 
«f  npauiB  produced  get  beyoDil  the  point  of  satuatkin  of  these  cold 
legtons,  they  inunediately  pass  into  the  state  of  vesienlBr  vapour,  and 
^f^aar  nnder  tha  form  of  ashy  .grey  flakes,  of  a  tint  which  li  deeper 
•■  tte  nppa  clood  is  of  a  more  daiiling  white.  The  grey  tint  does 
long  remain  uniformly  distributed ;  t&  nlrtma  attraction  of  the 
vhttr  chnid  renders  the  bordering  of  tbe  grey  cloud  more  nSsMai, 
lAkb  then  takes  a  deeper  tint  and  forms  a  narroir  riband  at  its 
Wper  part.  This  extreau  stnttnm  is  divided  into  slniitns  and  trem- 
bfing  striK,  wUch  shake,  rise,  and  disappear,  by  pasAw  again  into 
the  state  of  elastic  vapour.  These  first  vapours  being  aupersed,  are 
replaeed  by  others,  which  experience  the  sametranslismatkm,  Biidsv 

on.     The  gi      ■     ■  -       *         •-'  ■"      ■ ' 

festcd  b,  ft  .  . 

taking  from  tbc  fonner  vapours  tbe  resinma  electricity  which  they 
have  carried  oS  from  the  earth  ;  by  tbe  decrease  of  their  rriiaoia  ten- 
sion, these  latter  lose  bj  degrees  tbdr  grey  lint,  and  finally  become 
almost  as  white  as  the  upper  cloud.  This  last  itself  has  lost  its 
original  lostre,  in  proportion  as  its  own  vaponrs  were  ncutialiied  by 
thiMe  which  radiated  from  the  grey  band.    The  pheuomeiwn  then 
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stops,"  and  the  numntain  ceases  to  swutke,  not  to  wrnimeafif  ^gain 
<intil  the  winds  shall  have  cleared  it  from  tiioae  dondi  ^rU^  haTe 
be«>me  similar. 

The  presence  of  a  grej  dond  above  the  summit  of  tiie  movBitain 
produces  an  analogoas  efliBct,  hot  with  invene  deeliic  signs.  The 
cloud  which  issues  from  its  sides  is  white ;  it  is  chamd  wiu  eilreoiit 
electricity ;  its  upper  riband  is  more  datiling  than  ue  oentre;  It  re- 
passes into  the  state  of  electric  fluid,  and  uie  rest  kiaes  by  d^ipress 
its  lustre  and  becomes  grey.  In  hit,  these  same  pheaomcna  ars 
again  produced  under  a  clear  sky,  but  with  less  energy;  the  triirtam 
tension  of  celestial  space  is  sulKcieat  to  carry  tl*e  erapotmtion  be* 
yond  the  point  of  saturation  of  that  stratum  of  air.  The  deetio* 
meter  also  frequently  indicates  that  the  invisible  dastie  vapour  Is 
powerfully  charged  with  electridty,  which  is  sometimes  viirmm,  at 
other  times  retimms.  Under  this  new  influence,  the  smoking  of  the 
mountains  considerably  increases ;  this  abundance  of  vapom  pra> 
ceeding  from  the  side  ci  mountains  is  itsdf  an  indicatton  of  tho  pie- 
sence  of  upper  vapours,  still  in  a  transparent  state.  It  also  slii  wi 
that  their  near  condensation,  in  proportion  as  ttidr  etottikUf  la 
neutralised,  will  give  abundant  rains. 

On  attentivetv  ftdlowinff  all  these  transformations  oo  the  moon- 
tains  or  in  the  middle  of  plains,  we  see  that  every  day  prodneea  very 
nearly  the  same  series  of  nets*  There  are  vapoors  prodnoed  dlker 
by  temperature  alone,  or  by  temperature  seconded  by  eleeWc  attrae- 
tioQ ;  tnen  towards  evening,  or  during  the  night,  tbelr  condensation 
takes  place,  and,  consequently,  a  new  distribution  of  deetridty  under 
the  influence  of  the  globe.  At  sunrise,  it  is  the  re-evaporation  of 
opaque  vapours,  or  a  fresh  dilatation  of  those  which  are  yet  dastie  ; 
both  are  produced  under  this  same  influrnce,  resinous  bdow,  vitreous 
above  :  the  first  vapours  that  rise  are  the  most  resinous,  the  last  are 
less  so,  and  are  then  vitreous  in  comparison  to  the  first ;  they  thus 
form  opaque  clouds  of  different  tensions,  when  cooling  condenses 
them.  The  daily  vapours,  by  thus  rising  in  the  atmosphoe,  soon  ex- 
perience the  efftct  of  another  electric  induction,  which  povrerfuUy  re- 
acts from  above  downwards  :  it  is  that  of  the  upper  current  (U  the 
atmosphere,  which  carries  away  to  the  polar  r^ons  the  resimous 
^-apours  of  the  tropical  regions.  The  height  of  this  current  and  the 
energy  of  its  resinous  tension  varying  with  the  seasons,  produce  re- 
actions more  or  less  distant  from  the  surface  of  the  earth.  There  is, 
again,  between  these  two  forces  a  resultant  of  the  difference  depending 
on  the  proximity  of  one  or  other  of  these  forces,  and  the  concomitant 
actions  of  temperature  and  winds.  We  cannot  enter  into  further 
details, — it  would  be  trespassing  beyond  the  limits  of  a  note ;  it  is 
enouffh  to  have  pointed  out  the  new  path  that  M.  Pkltier  has  fol- 
lowed in  his  works  ;  each  one  will  be  able  to  obtain  evidence  for  or 
ngainst  these  results  by  new  observations,  and  thus  to  decide,  by  the 
aid  of  time,  which  is  the  road  that  conducts  most  directly  to  the 
knowledge  of  the  true  cause  of  the  meteors. 
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Note  F.  p.  409. 

Thit  tuoeession  of  tints  by  which  the  sky  is  coloured  during  twi- 
ISght  offers  several  peculiarioes  which  are  not  very  easy  to  explain, 
in  the  imperfect  sti^  in  which  the  optics  of  gases  are  still  found. 
As  a  complete  explanation  of  the  phenomenon  may  serre  as  a  basis 
to  erery  tneory  that  would  explain  these  fscts^  I  will  here  communis 
cate  the  results  of  the  observations  made  by  M.  Bravais  on  the 
summit  at  the  Faulhom,  3683  metres  above  the  level  of  the  sea,  and 
"wliidi  embrace  no  less  than  thirty  perfectly  serene  twilights.  He 
bad  at  his  disposal  the  most  exact  means  of  appreciating  both  the 
position  of  the  sun  above  or  below  the  horizon,  and  the  apparent 
distBiioe  of  the  coloured  zones  from  the  zenith  of  the  beholder,  we  are 
about  to  follow  the  sun  in  each  two  degrees  of  its  course,  in  proportion 
as  it  i^proaches  the  horizon,  towards  morning  twilight.  Ijie  follow- 
ing senraud  distances  refer  to  the  centre  of  tli^  sun,  not  displaced  by 
tbt  effect  of  refraction ;  zenithal  distances  greater  than  9(r  indicate 
that  the  sun  has  not  yet  risen. 

Ist.  Zenithal  distance  of  the  sun  102".  In  the  east  a  reddish  or 
orange-coloured  band,  whose  height  is  nearly  equal  to  0".  We  do  not 
jet  distinguish  any  other  tint  a^ve  this  orange-coloured  band ;  the 
Might  of  the  crepuscular  curve  is  7".  The  spindle  comprised  between 
thcSe  two  arcs  is  of  a  whitish  blue,  clearer  than  the  rest  of  the  sky. 

9d.  Zenithal  distance  of  the  sun  100**.  The  height  of  the  orange 
soae  is  l*.  Above,  yellow  begins  to  appear,  and  its  hei^t  attains 
2»  SO'  in  the  sun*s  vertical.  No  green  is  yet  to  be  seen.  The  height 
cf  the  crepuscular  curve  is  12**. 

3d.  Zenithal  distance  of  the  sun  98f*.  The  part  tinged  with  red 
extends  from  the  horizon  to  1"  15'.  Above,  jellow  tint  as  fiur  as  3*  10'. 
Qrtak  begins  to  appear  upon  the  yellow  ;  the  greenish  band  scarcely 
gets  beyond  the  hdght  of  5"*.  Above,  a  weaker  bluish  shade,  as  far 
as  25*,  where  the  Umit  of  the  twilight  is  formed. 

4th.  Zenithal  distance  of  the  sun  96*.  The  elevation  of  the 
orange-coloured  and  yeUow  zone  has  not  changed ;  the  greenish  tint 
]nrevails  to  a  height  of  7^.  The  crepuscular  curve  n^dly  reaches  the 
xenith ;  its  height  is  70°.  The  western  sky  does  not  yet  present  any 
trace  of  light. 

5th.  &iithal  distance  of  the  sun  94^.  The  yellow  and  orange- 
ecdoured  bands  preserve  tike  same  elevation  above  the  horizon.  The 
sreenish  zone  attains  to  12°.  Above  it  a  purplish  tint  begins  to 
oe  manifested,  at  least  if  circumstances  be  &vourable.  M.  Bravais 
lias  never  seen  it  begin  till  the  zenithal  distance  of  the  sun  is  equal  to 
95*,  nor  remain  after  that  distance  has  become  less  than  93°.  It 
forms  a  little  after  the  passage  of  the  crepuscular  curve  beyond  the 
zenith,  and  its  existence  does  not  last  many  minutes.  It  is  towards 
the  height  of  25°  that  this  rose-coloured  tint  presents  its  maximum  of 
intensi^,  and  it  does  not  get  beyond  the  height  of  45°.  We  do  not 
observe  the  yellowish  fringe  which  separates  it  from  the  greenish 
ngion  situated  below.  The  tint  of  the  zenith  is  blue,  sometimes 
perhaps  slightiy  tinged  with  green. 
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In  the  western  horizon  the  oMHerqmtcuIar  arc  is  tneed  at  to- 
murds  the  height  of  10> ;  it  does  not  offer  as  yet  a  ▼err  crideat  red 
tint,  but  a  dark  bluiah,  with  a  porpUsh  shade  more  or  less  dedded. 
Below,  the  sky  seems  dear. 

6th.  Zenithal  distance  of  the  son  991".  The  eastern  red  be^^  to 
turn  yellow ;  its  height  remams  the  same :  the  upper  Umit  of  iSat 
yellowish  zone  is  still  equal  to  3"  or  3*  15'.  From  tfaeaee  to  the 
height  of  18*,  a  more  faitense  men  eoUmring  than  in  the  pneedbg 
periods ;  the  secondarr  purplish  tint  has  entirelT  diaappeano. 

In  the  western  horizon,  tlie  lieight  of  tlie  annerepuseolar  are  Is  9°; 
the  colouring  in  red  extends  from  T*  to  about  the  heig^  of  IS^.  The 
red  fringe  often  presents  a  tint  of  violet,  or,  at  leastf  a  purple.  Bdotr 
the  anticrepuscuJar  arc,  we  hare  nerer  been  able  to  dlseofcr  the  jel^ 
lowish  white  fringe  pointed  out  by  M.  Kabmti  ;  but  the  blae  of  tte 
Aj  appeared  there  to  be  sometimes  sHriitly  tinged  with  grec&t  fo^ 
bably  oy  an  effect  of  optical  eontxast.  Abawt  tliis  red  zone,  the  Mil 
Uue  pravafls  without  any  other  perceptible  intennedlate  tinta. 

7th.  Zenithal  distance  of  the  sun  90**.    Tlie  sun  la  riiai ;  bii  dbe 


and  the  neighbouring  atmoapherie  portkms  ftecraentiy  prcaeat  a  fd- 
lowish  tint,  and  still  mote  often  an  orange  tint.  TnearauebaBdmA 
was  stationary  on  the  eastern  horizon  is  eftced,  ttia  wsappsanDoey 


which  has  been  as  dow  as  possible,  occurs  when  the  sun  has  attdnrt 
the  zenithal  distance  of  89*,  or  88"  Si/.  The  ydlow  remains  to  the 
height  of  3° ;  from  thenee  to  291*,  bdng  distinct  greau  The  snltK 
blue. 

On  the  opposite  side,  the  anticrepuacular  are  has  gafaied  the 
horizon,  tiie  red  tint  rises  to  the  heignt  of  4*  or  5*.  The  Tdlow, 
wluch  began  to  appear  alxn'e  when  the  zenithal  solar  ^stance  attained 
91S  no^  rises  to  the  height  of  6*  or  7*.  Above  the  ydlow  a  lltUe 
green  begins  to  appear. 

8th.  Zenithal  distance  of  the  sun  88*.  The  red  has  entirdy  aban- 
doned the  eastern  horizon ;  the  yellow  alone  remains,  and  becomes 
weaker  and  weaker.  The  green  tint  surmounts  the  sun  and  extends 
to  the  hdght  of  about  95* ;  the  zenith  is  blue.  In  the  west,  the  red 
of  the  anticrepuscular  arc  has  completely  disappeared ;  the  yellow 
still  remains ;  its  upper  limit  does  not  pass  beyond  3*.  The  green 
which  surmounts  it  presents  its  maximHm  of  intensity  about  5*  or  6*; 
thence  it  extends  to^nrds  the  height  of  IQo,  or  eren  bqfond ;  it  is  diffi- 
cult to  measure  the  height  of  the  point  of  division  of  this  zone  with 
the  blue  of  the  zenithal  part  of  the  sky. 

9th.  Zenithal  distance  of  the  stm  86^.  The  yellow  itself  has  dis- 
appeared ;  but  the  green  still  ^-ery  frequently  exists,  espcdally  in  the 
part  of  the  sky  opposite  to  the  sun  :  this  last  vestige  of  crepuscular 
colouring  is  graduaUy  effaced. 

Hie  summary  we  have  just  made  presents  the  succession  of  cdours 
only  in  the  \'ertical  plane,  which  indoses  the  centre  of  the  sun.  The 
colouring  of  the  sky  in  the  lateral  n^ons,  although  less  important  to 
know,  nevertheless  presents  some  peculiarities  worthy  of  notice. 
Thus  the  lines  wiiich  separate  the  different  tints  from  each  o^er 
decline  in  general,  in  proportion  as  they  recede  from  the  sun*s  vertical; 
but  this  nile  is,  however,  subject  to  some  exceptions.  Hie  points 
of  the  horizon  situated  at  9<r  from  the  intersection  of  the  sun's 
vertical  commence  bdng  coloured  a  little  after  the  crepuscular  curve 
has  passed  beyond  the  zenith.  Hie  anpearance  of  the  red  tints  in 
this  place  precedes  that  of  the  green,  wmch  surmount  the  latter.    The 


CKSpmCDI-A*  CCBVE.  499 

UnesofMpantionof  thne  tiots  we  less  clear  tbiia  in  tbe  nui's  nr- 
tk>l  j  the  n>M  colour  ii  Icsa  inteiue  then  thtn  in  this  saine  vtrlital ; 
iMt  U  ii  not  the  sunc  with  the  gnta  tinti,  which  often,  op  thcM  two 
puti  of  tbe  skv,  have  a  more  marked  Hut  than  tbe  green  of  every 
ether  put,  it  leut,  for  the  fe«  mlontes  vhich  precede  the  riling  c< 

We  n>iT  eiplain  the  oluerved  sncceuion  of  all  tbeae  ti 


..^  .  .       ^  ^  i^P  tbrouxh  itrata  of  air 

«  loffitieotlr  thkk,  pna  at  first  a  ]reUovt  colour,  and  that  a 
Mora  pralouged  eoone  in  thne  nme  ■trata,  or  in  nuire  denae  itrata, 
■•kaa  tte  orange  tint  finally  pmtominate.     Thii  double  mode  of 

by  a  ecdoured  ^laas  often  chanKCii  vrith  the  inenasc  of  its  thiekiMai : 
«■  mn  aee  Dumerous  eisinpln  of  it  b  Hebscuill'i  Trtalitt  en 
U^  (ml.  I.  part  2).  Theae  effects,  which  are  well  known  to  philo- 
•Mhm,  teanlt  from  the  tact  that  the  citiDCtlon  of  the  layi  of  the 
Wncnt  ealooTs  that  compose  while  light,  does  not  follow  with  the 
taut  rafrfditT  for  all  these  rajs.  Tbe  f^rm  tints  of  twilight  caoDOt 
b*  attribnted  to  tbe  effect  of  an  optical  contrast  produced  by  the  eom- 
plemiatary  coloor  of  green,  which  i»  red.  The  two  fbUowing  facta 
(nc  tba  proof  of  this.  The  red  tlata  disappear  tmat  the  akr  as  aoon 
■a  the  n>  liaea ;  it  is  at  this  moment  that  the  green  thita  often 
pnaent  the  greatest  intensit]-.  Un  the  circmnfereBce  of  the  horlion, 
where  a  cnrtain  of  monntaina  rises  snffieientljr  to  bide  from  the  right 
ct  the  obaeiffo  the  red  zone,  which  is  always  very  low,  the  ouer 
tinta,  ydlow  or  gmn,  remain  as  nsnal,  and  mmonnt  the  line  of  tha 
iMga  it  the  ehann,  without  the  presence  of  thia  curtain  altering  their 


n  ;  tt  ii  anffident  to  take  aoconnt  of  the  Une  ray*  reflected 
■m  seat  tack  to  the  eye  hy  tbe  upper  strata  of  the  almoepbere,  and 
'rtidh,  i«  their  conne,  from  the  nm  to  the  reflecting  molnnle,  have 
■■ly  Hoaiad  very  rarified  strata.  Under  thia  pomt  of  view,  tha 
giaca  looe,  both  eastern  and  weatem,  is  only  the  continnation  of  the 
ydfcm  aoue,  whoae  normal  tint  ia  altered  m  the  upper  half  by  the 
mixtan  of  blue  rays  arriving  in  a  auRicient  number  from  the  high 
ndoaa  of  the  atmoaphere,  and  which  have  experienced  a  much 
ID  that  experienced  by  the  ran  proceeding  front. 
.  IT  strata  (see  tbe  Jevmal  I'tiutilitl,  10th  year, 
f,  am).  We  then  easily  copceive  why  tbe  solar  disc,  at  its  rising, 
tMty  appear  orange,  yellow,  but  never  green.  However,  aeveral  dr. 
cwatancea  are  yet  difficult  to  explain :  the  permanence  of  the  blue  tint 
towanb  the  zenith,  the  white  tint,  which,  from  the  aonuoit  of  the 
eofaMUCd  aoncfl,  extends  even  to  the  crepuscular  eorre  ;  and,  Anally, 
tbe  appearance  of  rose  towards  the  height  uf  30° ;  when  the  ann  ia  at 
M*  team  the  lenith ;  for  it  is  very  improbable  that  thia  roae,  although 
very  feeble,  can  be  attributed  to  an  optic  contrast  produced  by  the 


in  the  evening  In  the 
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were  reaUy  the  result  of  tiie  intenectSon  cf  the  crUnder  cf  thides 
projected  by  the  earth  tad  the  temrfnating  nirftee  or  the  ■haomimcy 
the  height  of  the  atmosphere,  wUdi  we  might  dedoee  from  lt|  would 
be  the  same,  whether  the  hour  of  obserratlon  were  mors  or  less 
advanced.  Now,  this  result  does  not  take  plaoe ;  the  dllfaifi'ia  cf 
resiilts  are  not  due  to  errors  of  observation ;  they  go  inereariag  in 
proportion  as  the  sun  sinks  bdow  the  horison ;  the  numeroos  ahser- 
vations  made  by  M.  B&avais  on  the  Fanlhoni  lead  to  the  nme 
consequences.  It  is  a  certain  proof  that  we  have  not  wcQ  intenrsM 
the  notion  of  the  crepuscular  curve :  the  hypotiiesis  nUSk  whkh  we 
set  out  was  not  correct.  Thus  the  point  where  the  rlsaal  lay  drawn 
from  the  eye  to  the  summit  of  the  crepuscular  cnnre  maeta  ths 
terminating  surface  of  the  atmosphere,  does  not  of  neeeasity  wiinridB 
with  the  point  where  the  solar  m  tangent  to  our  globe  pleroea  tibrt; 
surface ;  it  is  either  nearer  to,  or  nirther  from  us,  tktfm  this  last  poiatr 
Lambert,  and  after  him  M.  Biot,  have  thought  that  the  fMnaer  of 
these  two  suppositions  was  the  true  one,  and  that  the  crepusealir 
curve  corresponded,  not  with  this  outline  of  the  terrestrial  shadow, 
but  with  a  region  of  the  zone,  whidi  does  not  receive  the  direct  rayt 
of  the  sun ;  in  a  word,  with  M.  Bigt's  wfoad  erepMsmlor  ijpace.* 

It  however  appears  more  natural  to  admit  that  this  ernoseubr 
curve  corresponds  on  tiie  contrary  with  the  zone  entirdy  c&l^gilrtcaed 
by  the  sun,  and  that  the  more  extreme  part  of  the  segment  disaiqpean 
on  account  of  the  strong  absorption  wnich  the  rays  tangent  to  our 
globe  experience.  Whiiever  may  be  the  position  of  this  point,  pro* 
Tiding  it  is  always  placed  in  the  same  manner  with  regard  to  the 
crepuscular  segment,  we  shall  be  able  to  determine  it  ezactlv  by 
making  one  or  two  obsen'ations  of  the  height  of  tiie  curve  made  in 
knovm  epochs.  Instead  of  considering  the  observer  as  motionless, 
and  the  sun  as  descending  in  a  vertical  plane  and  drawing  along  witii 
it  the  different  crepuscular  spaces  in  a  common  movement  of  rotatioa 
round  the  fixed  centre  of  the  earth,  we  may  equallv  suppose  that 
the  whole  crepuscular  system  remains  immovable  in  tne  atmosphere, 
and  that  the  spectator  removes  along  the  great  drele  obtained  bf 
cutting  the  terrestrial  globe  by  a  pUme  passing  through  its  centre, 
the  centre  of  the  sun,  and  the  eye  of  the  observer ;  the  phenomena  of 
twilight  are  produced  to  the  moving  observer  as  well  as  for  the 
fixed  observer  of  nature,  pro\iding  the  arcs  tra^-ersed  in  a  given  t^ie 
on  the  great  terrestrial  drele  represent  the  increases  of  the  lenhibAl 
distance  of  the  sun. 

Every  obser\'Ation  of  the  height  of  the  crepuscular  curve  thai 
gives  a  trajectory  proceeding  from  a  determined  point  of  this  sreat 
cirele,  and  all  these  tn^ectories  must  ait  each  other  on  the  top  of  the 
immovable  crepuscular  cunT.  Thus,  in  this  manner  of  \iewing  the 
subject,  we  determine  the  height  of  the  atmosphere  by  the  phencmieaa 
of  the  apparent  rotation  of  the  crepuscular  curve  around  the  observer, 
or  of  this  latter,  an>und  the  summit  of  the  curve,  indepcndenUy  of 
the  consideration  of  the  rays  tangent  to  the  terrestrial  globe. 

In  discussing  under  this  point  of  \iew  the  observations  of  twilight 
made  on  the  summit  of  the  Faulhom,  M.  Bravais  found  they  were 
ver>'  accurately  represented  by  admitting  that  the  summit  of  the 
crepuscular  curve  was  situated  115,000  metres  above  the  level  of  the 
sea,  and  on  the  prolongation  of  a  terrestrial  ray,  which  would  make, 

*  M(moires  de  rAcsdcmle  des  Sciences,  t.  xvli. 
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^rflh  tlie  ray  drawn  to  the  centre  of  the  sun,  an  angle  of  95*  SS' ;  so 
ttat  the  passage  of  the  creposcalar  conre  to  the  seniu  of  the  observer 
auqr  take  place  at  the  time  when  the  zenithal  distance  of  the  son  is 
aqoal  to  this  latter  angle.  As  to  the  setting  of  the  same  curve  in  the 
iwatem  horiaon,  the  same  calculations  prove  that  it  wUl  take  place 
whan  the  xenithal  distance  of  the  sun  shall  equal  107*. 

Finally,  the  fcdlowing  are  the  numbers  whence  these  results  are 
derived.  For  more  prrasion,  the  twenty-one  original  observationa 
lunre  been  grouped  in  threes,  and  we  only  give  here  the  mean  ut  each 
•f  these  ternary  groups.  The  first  column  represents  the  lenithal. 
dMance  of  the  sun ;  the  second  column,  the  hei^t  of  the  curve  above 
tha  horiaon,  corresponding  with  this  zenithal  distance  :— 

SBNITHAL  DISTANCES  OF  THS  SUN  AND  CO&»S8PONDINO 
HSIOUT  OF  THS  CREPUSCULAR  CU&YB. 


95o49',9 

+ 

750  23' 

97  11  ,5 

+ 

44  8 

99  54,9 

+ 

13  0 

100  43,8 

+ 

10  45 

101  43,9 

+ 

7  34 

103  46,7 

+ 

4  53 

106  14,1 

— 

0  30 

M.  Bbayais  has  calculated  in  the  same  manner  the  observations 
made  by  Lambert,  at  Angsbourg,  19th  November,  1759;  he  has  ob- 
tained a  still  more  considerable  height,  one  equal  to  160,000  metres. 

According  to  these  numbers,  the  crepuscular  curve,  such  as  we  see 
it,  would  correspond  with  the  first  crepuscular  space ;  that  is  to  say, 
with  a  rc^n  of  the  atmosphere  direcuy  illumini^ted  by  the  sun,  and 
even  the  rays  which  illummate  this  space  would  still  appear  80,000 
metres  above  the  earth ;  thus,  every  ray  tangential  in  the  strata 
of  the  atmosphere  at  a  vertical  elevation,  less  than  80,000  metres, 
would  again  experience  a  very  considerable  absorption,  and  one  suffi- 
cient to  prevent  it  from  attaining  the  surface  of  egress  from  the  atmo- 
aphcrlc  medium.  Tliis  result  appears  too  much  opposed  to  what  we 
know  of  the  law  of  the  diminution  of  densities  in  the  atmosphere  to 
be  admitted.  It  therefore  appears  probable  that  the  supposition  we 
have  just  adopted  is  itself  incorrect ;  and  that  the  limit  of  shade  and 
light  does  not  correspond  with  a  fixed  and  determined  point  of  the 
crrauscnlar  segment,  but  that  it  removes  according  to  the  relative 
poution  of  the  observer. 

In  this  new  point  of  view,  the  problem  of  the  determination  of 
the  height  of  the  atmosphere  by  the  phenomena  of  twilight  becomes 
very  complicated.  We  must  determine,  indeed,  by  calculation,  the 
intoksity  of  the  light  of  the  different  luminous  arcs  tiiat  compose  the 
vertical  circle,  which,  when  produced,  contains  the  sun  ;  to  compare 
these  results  of  calculation  with  those  of  observation,  so  as  to  deduce 
the  value  of  certain  constants,  such  as  the  coefficient  of  the  absorption 
of  light  by  the  air ;  those  of  reflection  under  difierent  incidences ;  that 
whioi  would  determine  the  law  of  the  decrease  of  the  density  of  tho 
air,  &c.  and,  finally,  the  height  of  the  atmosphere  itself.  This  point, 
which  we  judge  to  be  the  summit  of  the  crepuscular  curve,  will  be 
that  where  the  intensity  of  light  will  change  with  the  greatest  rapi- 
^ty,  and  the  condition  of  a  maximum  in  the  rapidity  of  the  changing 
would,  in  like  manner,  serve  to  the  solution  of  the  problem. 
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Observatioiifl,  folkmed  oat  for  a  long  period,  on  tlie  phMet  of  the 
Totatioa  of  the  crepntealv  cnnre  flfom  tlie  snith  to  the  horiioii» 
photometric  ntmoepheric  leeMucmcBti,  eompeiieooB  between  the 
brilliancy  of  the  dimrent  regions  of  the  ntmoephrre,  nnd  tlMft  of  the 
Stan  of  Tarioas  brilttandee  ai  seen  thnrart,  and  more  cooiplcte  notlonf 
on  the  \kw  of  the  decrease  of  the  dennty  of  the  aerial  strata  viUy 
perhafMi,  one  day,  pemit  ns  eompletdy  to  sohe  these  delieate  qnes- 
tions  on  meteorologfeal  opfties. 

Let  us  add  that  the  observations  on  the  edipses  of  the  moon,  thsft 
the  phenomena  which  are  produced  at  the  entraaoe  of  this  landaaiy 
into  the  shadow  of  the  earth,  prore  that  the  height  of  onr  sAnospfaers 
is,  at  Ifost,  equal  to  80,000  metres ;  thus  the  he^lit  of  115,000  iMtres 
is  not,  perhaps,  so  exaggerated  as  we  might  hare  been  tempted  to 
believe,  after  the  opinion  Si  some  learned  physidans. 

We  have  not  spoken  of  the  aafienpasaiier  curve ;  the  laws  of  the 
evolution  of  this  last  are  diifarent  ftam  those  which  preride  at  the 
evolution  of  the  preoedinff  one.  If  we  combine  together  in  pairs  the 
luminous  trajectories  wmch  unite  the  curve  to  the  moving  observer, 
we  find  that  they  intersect  each  other  at  greater  distances  from  the 
surfiBre  of  the  earth,  in  proportion  as  the  anticreposcular  curve  itself 
gains  height,  and  the  counian  of  all  these  tangent  tnucctorics  engenders 
a  closed  cur\-e,  which  turns  its  convex  side  towaros  the  ground,  ud 
which  separates  the  luminous  aerial  r^on  from  the  dark  rq:ion.  The 
rotation,  also,  of  this  curve  from  the  eastern  horixon  to  tlw  aenith  is 
much  more  speedy  than  that  of  the  crepuscular  curve  devending  from 
the  zenith  to  the  western  horizon.  Under  the  equalor,  at  tht  time 
of  the  equinoxes,  twenty -two  minutes  is  sufficient  for  it  to  attain  the 
zenith,  whilst  it  employs  double  the  time,  forty-four  minutes,  to 
descend  again  from  the  zenith  to  the  horizon.  We  will  not  speak 
here  in  further  detail  upon  the  anticrepuscular  curve,  seeing  that  it 
has  not  been,  like  the  preceding,  employed  in  the  measurement  of  the 
height  of  the  atmosphere. 
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OK  TEX  FBIMCIFLES  EMPLOTSD   FOB  THE    CONSTRUCTION  01* 
THE  FIGUBES  OF  THE  ▲PFEKDIX. 


GRAPHICAIi  REPRS8ENTATION  OF  JmAVTB  VTITH 

TWO  VARiABiiES. — The  construction  of  plane  curves 
haa  been  for  a  long  time  successfully  employed  to  repre* 
sent  tiie  mutual  dependence  that  may  exist  between  two 
Tariable  quantities.  The  determination  of  a  curve  of  this 
kind  is  easily  made.  Starting  from  a  fixed  point,  we  set  off 
on  a  straight  line,  lengths  proportional  to  the  arbitrary 
values  given  to  one  of  the  two  quantities;  from  the  ex- 
tremity of  each  of  these  lengths,  we  draw,  parallel  to  a 
constant  direction,  making  a  certain  angle  with  the  former, 
other  lengths,  proportional  to  the  corresponding  values  of 
the  other  yariable;  we  then  draw  a  continuous  Ime  through 
the  extremities  of  these  straight  lines,  which  must  be  suf •* 
fidently  near  together  for  this  purpose. 

The  first  di^ances,  calculated  nrom  the  fixed  point,  are 
ealled  abicisscB ;  the  lengths  measured  parallel  to  one  fixed  di- 
rection, and  through  tiie  extremities  of  which  the  curve  passes, 
are  ordmates,  Tne  name  of  co-ordinatei  is  applied  equally 
to  the  absdssQB  and  the  ordinates.  The  startmg  point  on 
the  straight  line  of  the  abscisse  is  the  origin  of  the  co" 
crdmaies.  This  straight  line  bears  the  name  of  the  axis  of 
iKe  abtcissa ;  the  axis  of  the  ordinates  is  that  drawn  throuen 
the  starting  point,  panulel  to  the  constant  direction  of  the 
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ordinntcs.     Generally,  for  more  simplidty,  axes  of  rect- 
angular co-ordinates  are  taken. 

Let  us  propose,  as  a  first  example,  to  oonstniet  the 
curve  expressing  the  connexion  between  the  different  months 
of  the  year,  setting  oat  from  the  month  of  March,  and  the 
corresponding  mean  temperature  for  the  18th  hour  at  fiUle. 

The  law  of  the  mutual  dependence  between  the  epoch 
of  the  year  and  the  temperature  of  a  given  hour  of  the  day 
at  Halle,  is  contained  in  the  numbers  given  by  the  different 
lines  of  the  table,  pace  15. 

Let  us,  therefore  (App.pl.  i.^.  1,  his)^  take  two  rectangu- 
lar axes  of  co-ordinates,  A  x  and  ^  ^.  J^et  us  set  off  on  the 
axes  of  the  ahscisss  A  z,  twelve  equal  mtervals,  the  extremities 
of  each  of  which  represent  one  of  the  months  of  the  year, 
excluding,  on  account  of  the  smallness  of  the  scale,  the  ine- 
quality  that  really  exists  between  the  lengths  of  the  months. 
Let  us  take  paralld  to  ^  ^,  beginning  mm  its  extremities, 
lengths  proportional  to  the  temperatures  given  in  the  table 
for  the  18tii  hour  of  the  corresponding  months,  finally, 
let  us  join,  by  a  continuous  line,  the  extremities  of  these  co- 
ordinates, and  we  shall  have  a  curve  nt «  p  o,  which,  if  it  is 
constructed  on  a  proper  scale,  may  supply  the  place  of  the 
numbers  corresponding  to  the  18th  nour  in  the  table  of 
page  15,  and  which,  moreover,  will  have  the  advantage,  that 
the  isolated  numerical  results  of  this  table  have  not,  of 
bringing  forth  the  law  of  increase  or  decrease  of  temper- 
ature according  to  the  months,  for  the  18th  hour  at  HaUe, 
in  a  prominent  manner.  The  rapidity  of  these  changes  evi- 
dently depends  on  the  inclination  of  the  tangent  to  the  curve 
at  dinercnt  points. 

We  have,  moreover,  been  careful  to  calculate  "Mom  the 
axis  of  the  abscissoe  the  ordinates  corresponding  to  temper- 
ature below  zero  (indicated  by  the  sign  ^).  Hence  it  is 
that  the  arc  p  of  the  curve  is  below  h  x. 

CONSBQUENOB8  OF  THIS  RBPRS8BNTATIOXC.— 

The  continuity  of  the  line  mnp  a  gives  the  curve  another 
particular  advantage  over  isolatea  numerical  results.  Sup- 
pose, indeed,  that  the  numbers  of  the  table  of  page  15  are 
applied  to  a  mean  of  observation  made  on  the  1st  of  each 
month.  We  have  but  to  divide  properly  the  interval  be- 
tween the  extremities  of  two  consecutive  abscissae,  and  to 
measure  tlie  ordinate  of  the  point  of  division,  in  order  to 
obtain,  with  an  approximation  that  is  frequently  quite  suf- 
ficient, the  temperature  corresponding  to  a  given  date  for  the 
18  th  hour  of  the  day. 

Thus,  the  length  of  the  ordinates  that  fidl  at  oneb  twin 


three,  «nd  fimr-fifths  of  the  intetTHl  between  two  consecn- 
live  ordin&tes,  will  shew  the  temperatnrefl  of  the  18th  hour, 
fbt  the  6th,  12tb,  IHth,  aiid  24th  of  the  month,  the  nunc  of 
irhieh  correspondi  with  the  ordinate  at  the  kit. 

Let  iia  now  propose  to  know,  by  constructions  effected 
on  our  figure,  the  period  of  the  year  at  which  the  mean 
tempentnre  between  all  the  monthly  tempcntniei  takea 
plaoe  for  the  18th  honr.  Thig  mean,  as  we  know  ^.  13), 
la  e<iaal  to  the  mm  of  the  obsetred  temperatures  divided  by 
their  number.  Now,  if  we  admit  that  the  olwerrations  are 
niffciently  close  together  for  the  intermediftte  ordiustes  to 
he  the  exact  rq>reaentBtion  of  the  temperatures  observed  at 
the  corresponding  periods,  the  length  of  the  ordinate,  re- 
pKsenting  the  mean  temperature,  will  be  what  ii  called  ia 
geoawtrr  the  nuaH  dittance  of  all  the  points  of  the  curve 
mnpgiKm  the  axis  of  the  absrase;  a  distance  which  ia 
the  Rune  as  that  of  the  centre  of  grovity  of  the  outline  of 
thisenrve. 

If  we,  therefore,  determine  mechanically  the  position  of 
■    "       *  '' "         from  the  axis  of  the  ab- 

1  temperature;  and  the 
poaition  of  the  ordtuates  equal  to  this  distance  will  determine 
the  periods  of  the  year  at  which  this  temperature  takes 
flue. 

Tbeie  conditions  ai«  sufficient  to  shew  the  principal  ad- 
vantages of  the  graphical  representation  of  a  law  connecting 
me  variable  quantity  with  another.  Among  the  natnm 
laws,  resulting  ftom  oheervation,  we  may  quote  those  of 
morUlity  as  otieriog  matter  for  the  most  curious  and  useflil 
appreciations  deduced  from  the  construction  of  curves.  The 
direct  determination  of  certain  ordinates,  points,  and  centres 
of  mvi^  of  certtun  segments,  serves  for  tne  investigation  of 
fvotiable  life,  mean  Irfe,  and  the  mean  age  of  the  popnl- 
atvMi,  &C. 

OKAPHIOAI.  SEPREBENTATIOn  OF  L&WB,  WITH 

THXKB  VAxiASiixa.— It  is  easy  to  foresee  that  the  gra- 
pUcal  representation  of  laws  containing  three  variable  ele- 
ments^ one  of  which  may  be  considered  as  depending  on  the 
other  two,  would  present  no  less  interest  than  that  which  ia 
applied  simply  to  twoelements.  Now,  two  co-ordinates  deter- 
minethepositionofapointonaplane:  evei?  point  of  a  plane 
may,  therefore,  be  considered  as  corresponding  to  the  known 
Talnea  of  the  first  two  variable  elements.  i£,  then,  we 
imagine  that,  at  each  of  the  points  in  this  plane,  a  perpen- 
dicular is  ra^ed  propwiional  to  the  value  detemuned  far 
Ote  third  element  by  those  of  tiit  absciaaa  and  ordioate  at 
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the  foot  of  the  perpendicular,  the  upper  extremit?  of  the 
latter  will  be  a  point  of  which  this  coDstructian  wul  deter- 
mine the  exact  position  in  space. 

Supposing  a  perfect  continuity  between  the  poBtions  of 
all  the  points  thus  determined,  we  readily  see  that  thcyixe 
placed  on  a  curved  surface,  the  form  of  which  is  yeiy  fitu> 
be  depicted  to  the  eve,  and  to  bring  out  the  principtl  pro- 
perties of  the  natural  law  with  three  variable  elements  iJul 
we  have  desured  to  represent. 

Although  the  establishment  of  a  curved  surfiue  of  this 
kind  seems  to  require  the  three  dimensions  of  spaoe,  ve 
possess  a  notation  as  simple  as  it  is  expresBrve,  by  mesns  of 
which  it  is  easy  to  replace  the  constructions  that  we  hsre 
just  indicated  in  space  by  others  effected  on  a  plane  suiftoe. 

Let  us  imagine  that  ive  have  drawn  divers  planes  eqm* 
distant  from  each  other,  parallel  to  thejplane  on  which  we 
calculate  our  first  two  co-ordinates.  These  planes  will  cut 
the  cur\'cd  surface  in  question  according  to  certain  curves, 
called  contour  lines  o/ elevation  (lignes  de  nicetat,  Fr.),  the  fbnn 
of  which  will  be  eminently  suited  to  give  an  idea  of  the  sor- 
facc.  Now,  in  order  to  preserve  these  curves  exactly  of  the 
natural  size,  and  as  much  as  possible  in  their  relative  posidon5, 
we  have  merely  to  project  them  jiarallel  to  each  other  on 
the  plane  of  the  first  two  co-ordinates;  then,  by  attaching  to 
each  of  them  a  number  or  index  (cote^  Fr.),  indicatiDg  the 
height  of  the  cutting-plane,  by  which  it  has  been  deter- 
mined, we  shall  have,  on  a  single  plane,  all  the  elements 
necessary  if  we  desired  it,  to  establish  the  curved  surface  on 
whicli  they  were  traced. 

Fig.  1  gives  an  interesting  example  of  a  representation 
of  this  kind.  The  object  was  to  depict  to  the  eye  the  curved 
surface,  whose  vertical  ordinate  expresses  tlie  mean  temper- 
ature corresponding  to  a  certain  hour  of  the  day  and  a 
certain  montn  of  the  year.  The  months  were  first  counted 
off  on  the  axis  of  the  abscissa;,  and  the  hours  on  the  axis  of 
the  ordinates.  We  drew,  through  the  points  of  division  of 
each  of  these  axes,  right  lines  parallel  to  each  other ;  we 
then  imagined,  on  each  of  the  summits  of  the  squares  formed 
by  the  mutual  intersection  of  these  lines  a  perjxindicular  to 
the  plane  proportional  to  the  number  given  m  the  table  of 
p.  15,  for  the  temiKjrature  of  the  month  and  the  hour,  that 
determines  the  position  of  this  summit.  Finally,  we  pro- 
jected on  the  plane,  parallel  to  each  other,  the  curres  of 
cifual  temperature,  determined  on  the  surfsure  which  should 
puss  through  all  the  extremities  of  these  perpendiculars  in 
pliuics  parallel  to  the  former,  drawn  at  distances  from  the 
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4fttter,  reapectivelj  equal  to  those  whidi,  on  the  third  co- 
ordinate of  the  surface,  represent  1,  2,  3  . .  .d^rees  above 
DS  below  lero.  The  indices  (or  mimben  amigned  to  the 
cnrres)  are  poaitive  for  sections  made  above  uie  primitive 
plane,  and  nesstive  (indicated  by  the  sign  — )  for  the  sec- 
tions made  below. 

This  process  is  altogether  the  same  as  that  which  ia  em- 
ployed for  painting  to  the  ej^e  elevation  of  land  on  topo- 
graphical plans,  earefullj  raised  and  traced  out.  The 
minutes  oi  the  new  map  of  France  by  the  officers  of  the 
Staff,  and  charts  on  a  large  scale  to  serve  projects  of  Ibrti- 


rge  scale  to  serve  projects  ol 
plans  of  roads  and  canals  a 


fleation,  sometimes  even  plans  of  roads  and  canals  are  co- 
vered with  indices,  and  jpossess  the  traces  of  the  contour 
curvea  of  the  elevation  of  the  ground. 

QENBRAX  PSOP&STIBB  OF  PLAMBS  EXPSEBt- 
XXa  MATDKAIi  ImAVTB,  V7ITH  THKEE  VAKIABIiEB. — 

It  is  evident  that  this  graphical  representaUon  in  relief^ 
vbich  ezpresses  the  law  of  the  variations  of  one  element 
dependent  on  two  others,  will  be  possessed  of  properties 
entirely  analogous  to  those  of  isolated  cnrre  lines,  such  as 
M*pqiApp.lA.  i.J^.  1  bit). 

Thus,  if  it  IS  constructed  on  a  Buitable  scale,  it  will  give 
the  tame  resulta  as  the  table  of  p.  15. 

If,  for  example,  we  desire  to  know  the  mean  temperature 
«f  the  month  of  August  at  6  p.h.  ;  we  follow  the  ordinate 
of  the  month  of  Augnst  until  it  meets  the  abscisste  passing 
through  dx  o'clock ;  the  point  of  intersection  falling  sea- 
Dbly  on  the  curve  whose  index  is  20,  we  hence  conclude 
20°  for  the  temperature  sought  after.  The  numeric  table 
gives  IS^SS. 

In  the  same  manner  we  find  that  the  point  correspond- 
ing to  9  P.M.  and  to  the  month  of  July,  falls  between  the 
curves  indexed  17  and  IS,  at  about  ^  of  the  interval  sepa- 
rating them  ;  we,  therefore,  take  17°,8  as  the  temperature 
aoufrht.    The  table  gives  1T°,SS. 

Then  the  nndulstions  of  the  surface  are  perfectly  ex- 
pressed by  thoae  of  the  contour  curves,  so  that  the  mere 
inspection  of  the  latter  acquaints  us  with  all  the  circum- 
stances of  the  variation  of  temperature,  at  the  different 
honn  of  the  day,  and  at  the  different  periods  of  the  year. 
According  as  these  curves  approach  or  recede,  they  denote 
greater  or  leas  variations  of  temperature,  in  the  onleT  per- 
pendicular to  their  direction.  When  they  dose  around  a 
certain  region  the^  indicate  a  culminating  point  or  hollow 

SKUvenunt,  Fr.)  m  this  region ;  when,  on  the  other  hand, 
ey  open  in  a  contrary  ^rectioa,  they  indicate  a  deprestioa 


mo 

and  valleys,  &e.  a  panin  an  eleration-lme  (ool  ian  wne 
l^ne  defaiie^  Fr.). 

It  is  easy  to  see  that  the  culminating  point  (tfthe  inrfiue 
lepiescnted  in  figure  1  is  about  the  uMinth  of  Jnl^  at 
S  P.M. :  it  is  an  SbKhde  majmnm.  The  lowert  point  m  in 
January,  between  the  18th  and  19th  hours  (6  and  7  aji.) 
lliis  point  is  the  bottom  of  a  hollow :  it  is  an  abmAttw  irM- 
mum.  Between  1  and  2  F.it.  in  January,  ia^  a  pass  which 
indicates  a  reMve  mamnmrn  to  the  longitudinal  deiaiiuu- 
line,  comprised  between  2  and  8  o'clock, anda rdatibt  aujcf- 
aiiua  to  the  Ihalweg^  or  bottom  of  tha  Yalley,  nearly  oone- 
■ponding  to  the  month  of  Januaiy.  Betweaa  Jw  and 
August,  about  the  15th  hour,  is  another  paas,  wlna  ii  a 
relative  maximum  to  the  longitudinal  eleyatiaii-liBe»  pterail- 
Ing  about  the  15th  hour,  and  a  rdoHo^  mjmjmwm  to  the 
transverse  elevatiaQ-line,  idiieh  ncariy  fbUowa  Uia  liie  af 
the  month  of  July. 

If  we  further  suppose,  as  we  have  already  dooa  ftr  tibe 
curve  mnpq,  that  tne  numbers  of  the  tatde  at  p.  1<  aie 
applicable  to  the  mean  of  observations  made  on  tluB  first  of 
each  month,  we  may  employ  figure  1  to  obtain  a  view 
without  calculation,  of  the  temperatures  oonenModing  to 
any  moment  whatever  of  the  day,  and  at  any  oate  of  the 


So,  also,  the  position  of  the  centre  of  gravity  of  the 
enrved  surfiue  in  ngnre  1  wiU  serve  to  shew  the  contour  line 
-corresponding  to  all  the  moments  of  equal  temperature  in 
the  year. 

Finally,  if  we  unite  by  continuous  lines  the  succession  of 
points  of  contact  of  the  contour  curves  with  tangents  parallel 
to  the  ordinatcs  and  abscissa?,  we  shall  have  the  projections 
of  the  tncUiiotitm'lifies  (lif^s  depente,  Fr.^  perpendiculsr 
to  the  axes  of  the  co-ordinates.  Tne  first  will  make  known 
the  succession,  according  to  the  season,  of  the  hours  of 
the  dav  at  which  the  diurnal  maximum  and  luimimwm 
take  place;  the  second  marks  the  periods  of  the  year 
at  which  the  maximum  and  minimum  for  each  hour  are 
produced. 

These  properties  are  very  general,  and  have  their  ana^ 
logics  in  all  graphical  representations  of  the  same  kind. 

We  must  here  make  an  essential  observation.  The 
monthly  means,  calculated  by  M.  Kaemtm,  apply,  in  re- 
ality, not  to  a  fi^iven  day  of  the  month,  but  to  the  entire 
month.  So  that  we  cannot,  on  the  graphic  con- 
Btructions  deduced  from  the  tables  of  this  author,  rigor- 
ously follow  out  the  consequences  resulting  frcm  the  pro- 


iMbU  contitnit^  of  the  remits  betveen  observations  made  at 
neriodB  sufficiently  dose  together.  We  require,  therefore, 
m  order  that  the  curves  of  our  figure  1  should  really  pive 
the  temperatures  of  the  day  corresponding  to  a  given  lUte, 
two  conditions,  which  the  data  and  cooftnictionB  on  vrUdi 
we  have  opcrmted  do  not  satisfy,  namely : — 

1st.  That  we  should  know  exactly  the  date  of  the  d«y 
of  the  month  on  which  the  diurnal  mean  is  equal  to  tw 
monthly  mean : 

Sd.  That  the  intervals  marked  off  between  the  monthly 
finea  on  the  figure  should  be  proportional  to  the  lapw  A 
tfme  that  had  occurred  between  the  dates  of  the  days  oor- 
tcapondii^  to  the  monthly  means. 

Admittiog,  as  we  have  done,  in  order  to  ezniain  the 

[nences  dedudble  &om  the  otablishment  ot  our  in- 

planes,  that  the  monthly  mean  Alls  exactly  on  the 
■Hoe  date  each  month,  we,  therefore,  commit  an  error,  to 
lAieh  we  direct  the  attention  of  meteorologists,  who  m^ 
l>e  tempted  to  apply  our  graphical  constructions.  It  b  tme 
ttat)  (m  a  amall  scale,  the  error  committed  in  the  apprecu- 
4fcm  of  the  general  range  of  the  results  will  not  be  reiy 
•oariderable,  when  we  suppose  the  monthly  mean  foiling  at 
the  middle  of  each  month ;  but,  since  our  object  is  to  obtain 
Moenrate  results,  this  hypothesis  can  no  longer  be  admitted, 
tnd  we  must  necesauilv  come  to  the  exact  determination  of 
tite  time  of  the  monto  at  which  the  mean  occurs.  Now, 
£)r  this  purpose,  we  must  necessarily  group  together  closely 
occoring  obeerrations ;  every  three  days  at  least,  and,  per- 
lu^  even,  to  be  accurate,  every  day. 

Whatever  be  the  plan,  we  are  convinced  that  the  graphic 
representation  of  natural  or  mathematical  laws  with  three 
Tmnablei,  that  the  substitution  of  indexed  planes  for  nnme- 
lieal  tables  with  a  double  entry  is  a  fertile  idea,  that  will 
not  &il  in  bearing  frnit. 

When  meteorologists,  philosophers,  and  engineers,  shall 
beeome  familiar  with  the  employment  of  this  proccm,  they 
will  be  in  a  better  condition  for  discussing  the  results  Of 


irezpenmen 
ir  calcnlatioi 


alcnlations,  than  if  tbey  operate  directly  o 
whose  mutual  dependence  is  not  always  easily  rec(^:nisable, 
or  which  is  obtained  by  complicated  operations. 

The  figures  of  the  Appendix,  that  have  been  so  con- 
■bucted  according  to  the  notation  of  indexed  planes  with 
Rctai^ular  co-ominates,  are  those  numbered,  I,  4,  7,  8,  9, 
12,  IS,  and  32 ;  the  numbers  4  bis,  17  and  31  &u,  are  planes 
4f  Cttrve*  pf  tiptd  elmieitl,  but  not  indexed,  and  of  polar 


fi\2 

co-ordinates  (^Vide  the  explanation  that  followa,  p.  ^16,  H 
sea.) 

OSNSRAI.   PROOBSS   FOR  THB  OOWgrUUCTIOW 

OF  INDEXED  PLANBS. — ^It  remains  to  explain  the  pro- 
cess by  which  we  may  deduce  the  construction  of  the  eontoar 
curves  of  figure  1,  from  the  numerical  results  of  the  tidde 
on  p.  15. 

Suppose  we  cut  the  curved  surface  of  which  we  dcsre  to 
trace  tne  level  curves  by  a  succession  of  planes  drawn  per- 
pendicular  to  the  nlane  of  projection,  along  the  lu^  fines 
correspondiDff  to  tne  different  nours  of  the  day.  The  inter- 
sections of  these  planes  with  the  surDue  will  be  no  other 
than  the  curves  amon^  which  mnpqis  found,  and  whidi 
express  the  annual  vanation  of  temperature  at  the  diflSerent 
hours  of  the  day.  The  points  where  the  contour  corvei  meet 
these  first  curves  are,  therefore,  j^rojected  on  the  hoor^lines^ 
drawn  parallel  to  the  line  on  which  the  months  are  marked 
off.  Thus,  in  order  to  have  the  points  of  projectioa  of  the 
different  contour  lines  on  the  right  Ime  m  the  I8th  hoar, 
placed  at  the  top  in  our  ^pae  1,  we  must,  in  figure  1  big^ 
draw  a  succession  of  right  Imes  parallel  to  il  x,  at  intervals^ 
representing  a  degree ;  and  project  on  the  right  line  18,  as 
is  done  on  tne  figure  by  means  of  dotted  lines,  all  the  pcnnta 
at  which  the  curve  m  n  p  a  ia  met  by  one  of  the  lines 
parallel  to  ^1  or.  The  rank  or  the  parallel  above  or  below 
zero  gives  the  index  of  the  contour  Ime  to  which  each  of  these 
points  belongs. 

As  we  can,  also,  by  means  of  the  numbers  on  p.  15, 
construct  twenty-three  other  curves  analogous  at  m  np  q^ 
it  is  easy  to  obtain  all  the  points  of  the  different  contour  lines 
for  the  24  hourly  lines. 

But  there  are  a  certain  number  of  these  lines  which 
must  close  between  two  consecutive  hourly  lines ;  we  must, 
therefore,  in  the  case  before  us,  by  means  of  the  column 
referring  to  the  month  of  July  in  our  table,  also  construct 
the  curve  of  diurnal  variation  represented  in  figure  \  ier; 
and  carry,  on  the  monthly  line  of  July,  as  we  have  done  by 
dotted  lines  parallel  to  the  hourly  lines,  fresh  points  of  the 
contour  curves.  Thus,  we  have  been  able  on  figure  1  to  dose 
all  those  which  ought  to  be  closed. 

This  process  of  construction  is  very  simple ;  it  is  founded 
on  the  ordinary  methods  of  descriptive  geometry,  and  is, 
also,  very  general.  We  have  applied  it  to  the  construction 
of  all  those  of  our  figures,  except  one,  which  represent  sur« 
faces,  characterised  by  their  contour  lines. 

For  fig.  9,  wc  have  substituted,  for  the  hourly  curve$ 

\ 
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pdygoDB  inieribed  in  these  curves ;  and  we  have  thus  been 
able  to  determine  by  simple  rules  of  three,  the  points  at 
which  the  projection  of  each  contour  curve  cuts  the  hourly 
light  lines. 

DIFFBRBNT  SYSTEMS  OF  CO-ORDINATES  TO  BB 

BMPliOYED  FOR  INDEXED  PitANES.— The  graphical 
representation  of  curved  surfaces,  by  means  of  the  projec- 
ti^  of  their  contour  lines,  is  not  confined  to  the  system  of 
Teetan^lar  co-ordinates  that  is  generally  used.  This  is  only 
s  particular  case  of  a  more  general  notation,  in  which,  what- 
ever system  of  co-ordinate  may  be  adopted,  we  could  trace 
cm  any  surface  whatever  the  orthogonal  or  polar  projection 
of  the  curves  that  correspond  to  the  same  value  of  the  third 
oo-ordmate. 

When  we  have  to  consider  notative  or  periodical  elements, 
toch  as  the  directions  of  the  winds,  on  tne  24  hours  of  the 
^y,  we  may  find  advantage  in  certain  cases  in  adopting 
polar  co-ordmates.  For  example,  suppose  we  wish  to  express 
graphiodly,  for  a  certain  place,  the  duration  of  each  or  the 
-winds  that  blow  during  the  twelve  months  of  the  year. 
We  should  trace,  around  a  certain  point  (vide  fie.  4  ter)^ 
four  lines  mutually  inclined  to  each  other  at  half  a  right 
angle;  then,  on  their  directions,  which  refer  to  the  ei^ht 
prmdpal  points  of  the  compass,  we  shall  calculate,  startmg 
from  tne  central  point,  lengtns  proportional  to  the  duration 
of  these  winds.  On  joining,  by  a  continuous  line,  the  extre- 
mities of  the  right  lines  thus  measured  for  the  same  month, 
we  have  merely  to  place  the  name  of  the  month  beside  each 
of  the  twelve  cur\'es  thus  constructed,  in  order  to  have  the 
graphical  representation  in  question.  But  this  system, 
while  inferior  to  that  in  which  we  take,  as  rectangular 
co-ordinates  of  the  plane  of  projection,  the  monthly  intervals 
and  the  duration  of  the  winds  (vide  fiff.  4  bis),  which  would 
give  monthly  curves  less  confused  than  the  preceding,  is 
still  more  so  to  that  system,  in  which  the  rectangular  co-or- 
dinates are  the  months  and  the  points  of  the  winds,  whence 
result  the  curves  of  equal  duration  of  the  wind. 

Moreover,  we  might  easily  obtain  a  graphical  delineation 
analogous  to  that  of  fig.  4,  but  simply  with  the  polar  co-or- 
dinates. For  this  purpose,  we  have  merely  to  calculate  the 
points  of  the  wind  as  longitudes,  and  the  monthly  intervals 
as  latitudes,  cither  on  a  sphere,  or,  better  still,  on  a  right 
cone,  the  axis  of  -which  would  coincide  with  that  of  the 
equator,  on  which  the  points  of  the  wind  were  measured. 
Then  contour  curves  analogous  to  those  of  fig.  4,  would  be 
traced  among  the  diverging  lines  and  concentric  circles, 
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eo-ordiiuites  to  represent  two  vaimble  efementi. 

We  haYe,  therefore,  reason  to  be  astonished  thst  tbh  iD-> 
genious  idea  of  the  illustrious  scholar,  who  his  stfechwt 
SOB  name  to  the  perfection  of  almost  all  the  ocieneoi  hisaot 
taken  a  wider  range,  and  has  not  been  generaUj  apffied  to 
the  results  c^  the  physics  of  the  globe,  and  of  meteoielogy. 
For  only  one  step  was  required  to  pass  from  the  idea  ef 
isothennals  to  curves  of  eqiud  elemetUy — those  of  which  we 
haTc  just  ezpoeed  the  theory.  It,  moreover,  appearsi  that 
M.  Pioberty  commander  of  a  corps  of  artillery,  has  nsed  the 
notation  of  indexed  planes  since  1825,  to  verify  balistie 
tables;  the^^iiaaer^t/Maiii^by  M.  de  Ob«nkeiaa,  lepreicnted 
in  the  third  volume  of  the  Menunialde  rArttOerie  (1830)  ii 
established  with  the  same  notation ;  and,  in  the  same  volnme^ 
M.  BeUeBeontre,  commander  of  a  troop,  proposes  abo  ts 
apply  this  notation  for  constructing  the  results  of  the  Lom* 
iMotly  tables.  It  is  said  that,  about  the  same  perk>d,  M. 
Dldion  employed  them  in  summing  up  the  results  of  ex- 
periments on  shooting  at  a  mark,  fii  1840,  M.  AUlx,  naa« 
tical  engineer,  published  a  new  system  of  tariffii  containing 
graphic  multipiication-tablcs,  founded  implicitly  on  the 
principle  of  representing  a  surface  by  means  of  its  contour 
lines.  Finally,  M.  OhamaUon,  hydrographic  engineer  of 
the  navy,  constructed  a  card  of  barometric  winds^  tmalqeous 
to  that  of  our  figure  31,  but  without  publishing  any  tning 
on  this  subject. 
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We  may  be  permitted  to  add,  that  these  varioiu  works 
did  not  come  to  our  knowledge  until  afler  the  period  at 
which  we  thought  of  applying,  in  a  general  manner,  to  all 
natural  laws,  and  to  numerical  tables  containing  three  Tari- 
able  dements,  the  graphical  representation  derieed  by  Dn 
Oaria.  We  have  reason  to  hope  that  the  numerous  re- 
Bulta  we  have  deduced  tJ:om  the  first  idea  of  Dn  Oaru  and 
M.  da  Hwnboidt,  and  from  some  others,  which  are  our 
own,  will  appear  of  a  nature  to  confirm  our  assertion.  To 
mention  only  two  remits  of  a  special  work  that  wc  anti- 
cipate soon  publishing ;  it  will  be  sufficient  for  us  to  quote 
among  these  consequences  the  estabtishmeut  of  our  i^cut, 
or  uniTeisal  reckoner,  which  will  snpply  with  adrantagc 
ttae  rules  of  calculation,  and  serve  fbr  a  multitude  of  opera- 
tions that  these  rules  cannot  accomptish ;  and  the  construc- 
tkm  of  tables  and  instruments  for  the  resolution  of  nomeri- 
Gil  equations  of  a  degree  higher  than  the  second.  Finally, 
we  do  not  pretend  to  take  to  ourselves  any  thing  belonging 
to  thoae  woo  have  preceded  us ;  and,  whate%'cr  credit  the 
opinion  of  competent  and  disinterested  judges  may  accord 
ns,  in  the  application  of  the  process  to  natural  laws,  and  to 
nomerical  tables,  we  shall  be  happy  if  we  can  in  any  way 
contribute  to  give  popularity  to  a  notation,  that  appears 
destined  to  render  real  service  in  the  sciences  of  obsen'ation 
and  eren  calculation.* 
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EXPLANATION  OF  THE  TIGUXES  OF  THX  APnOCDIZ. 


FIGURES  1  (mde  p.  15.) 

Law  of  the  variatian  of  mean  temperature  per  iaVj  n  Ai 
different  months  of  the  ye<trj  at  HaUe. 

Scales.  5"*  for  two  months,  set  off  on  the  azii  of  the 
abscisse  of^.  1 ;  5°^  for  two  hours,  measured  on  tfaeonfi- 
natcs  of  ^.  1,  and  on  the  abscissas  off^,  1  fer ;  !■■  per 
degree,  set  off  on  the  ordinates  of /^.  1  his  and  fer. 

The  Unes  of  the  twelve  montns  of  the  year  are  destf- 
nated  by  their  initial  letters,  and  are  set  off  parallel  to  the 
length  of  the  plate ;  the  lines  of  the  twenty-four  hour?  of 
the  day  are  recognizable  by  figures  placed  at  their  left  ex- 
tremity, and  are  drawn  perpendicular  to  the  former.  The 
curves  of  equal  temperature  are  traced  in  the  interior  of 
the  square,  and  indexed  in  centesimal  degrees.  Those  whose 
indices  are  preceded  by  the  sign  —  (r/u'nus%  toward  the 
right  of  the  figure,  indicate  temperatures  below  zero.  In 
order  to  obtain  the  temperature  that  prevails  in  a  certain 
month,  and  at  a  certain  given  hour,  we  must  follow  the 
line  that  indicates  the  month,  until  it  meets  that  which  in- 
dicates the  hour,  and  take  the  index  of  the  nearest  curve. 

Thus,  in  ascending  along  the  line  of  the  month  of  June, 
we  see  that  the  point  where  it  cuts  the  line  of  midnight 
falls  at  about  0,3  of  the  interval  between  the  cur\es  indexed 
1*2  and  13  ;  consequently,  the  corresponding  mean  tempera- 
ture is  12'',3. 

FiijT.  1  gives  rise  to  several  interesting  observations.  We 
immediately  see  that,  although  it  is  obtained  from  a  series 
of  observations  made  for  a  few  years  only  (M.  Kaexntx  does 
not  say  exactly  how  many),  by  a  suiglc  <)l)"?erser,  it  presents  i 
very  satisfactory  regularity  in  the  form  of  the  contour  curves. 
"Whence  we  should  conclude,  that  the  stfries  need  not  ex- 
tend to  more  than  fifteen  or  twentv  vears,  in  order  that  the 
iircatcr  part  of  the  accidental  inflections  should  di>apj)ear. 

Then,  it  is  far  more  easy  to  recognise  on  the  figure,  than 
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oo&einuiieikmltebleof  p.  15,  the  range  of  the  diunul  and 
^miiiMl  temperature.  Indeed,  let  ua  at  once  Ibllow  the  lines 
«f  the  month,  from  below  upward,  we  ihall  see  that  the^ 
meet  the  curves  of  eq^ual  temperature,  k  that  Uie  figure*  of 
theie  curves  go  on  increasing  to  a  certain  mint  sitnated 
Itetween  half'past  one  and  tnreti  p.u. ;  and  rllmlniiilii'Tig  to 
another  point  situated  between  the  ISth  and  19th  honn^ 
namely,  between  two  and  seren  in  the  mormng.  We  thus 
recogniee  the  maximum  and  rranimtim  of  diUTUd  tempen- 
tnre.  The  figure  shews  that  the  position  of  these  points 
varies  according  to  the  seasons ;  that  the  maximum  occur*  in 
summer  at  about  three  in  the  anemoon,  and  at  about  half- 
past  one  in  winter ;  and  that  the  mmmtm,  which  occurs  in 
the  month  of  Januaiy  about  seven  in  the  momimr,  occurs 
at  three  in  the  morning  in  the  month  of  July,  ^ese  re- 
mits are  conformable  to  those  deduced  bv  M.  Kaemta, 
from  the  examination  of  th'^  numerical  results  (p.  19). 

If  we  pass  from  the  lines  of  the  months  to  those  of  the 
lumia,  we  arrive  at  analogous  results,  namely,  that  we  not 
only  recoffDise  the  existence  of  the  annual  nuurmim  and 
jnAnhuan,  oat  also  the  different  dates  of  the  days  on  which 
tbey  take  place  for  each  of  the  twenty-four  hours,  provided 
always^  that  we  knew  the  exact  dates  of  the  monthly  means, 
or  else  that  we  have  taken  these  means  constantly  on  the 
■ame  day  of  the  month. 

The  four  curved  lines,  traced  in  dotted  lines  on  j^.  I, 
establish  the  law  of  continuity  between  the  various  epochs 
of  the  diurnal  and  annual  maxima  and  nummo.  Two  of 
these  lines,  those  of  the  diurnal  maxima  and  minima,  are 
nothing  more  than  the  projections  of  tbc  inclination- 
linea  traced  on  the  curved  surface,  perpendicular  to  the 
direction  of  the  monthly  right  lines ;  the  Other  two,  those 
of  the  annual  maxima  and  minima^  are  projections  of  the  in- 
clination-lines, perpendicular  to  the  direction  of  the  hourly 
lines.  It  is  easy  to  comprehend  the  reason  of  this  property ; 
it  occurs  because  all  the  points  that  correspond  to  a  diurnal 
maxtmrna  and  minimum,  on  the  curves  of  equal  temperature, 
are  determined  by  tangents  parallel  to  the  monthly  right 
lines ;  and  because  the  annual  maxima  and  minima  of  the 
hours  arc  those  of  the  contact  of  the  same  curves  with  tan- 
gents parallel  to  the  hourly  lines. 

The  hourly  curves  represented  inj^,  I  6ir,  and  which 
arc  constructed  directly  by  means  of  the  hourly  lines  of  the 
numerical  table  in  p.  15,  all  present,  without  exception,  a 
singular  inflection  about  the  month  of  November.  There  is 
another  inflection  of  the  same  kind,  but  much  more  pro- 
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VMUBB  •  (vAir  p.  19). 
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ScAUi.  9>»  fbr  four  hours,  set  off  on  the  Auimm;  nd 
for  foor-tenths  of  a  degree,  set  off  oo  the  uiiiiiiatgi 

This  cunre  was  eonstmeted  by  M.  Brsvaie.  it  pre- 
sents in  its  undulations  a  satisfactory  regnlaritf,  undl 
seems  rery  well  to  indicate  that  they  are  not  aceiwirtri. 


FIGUmB  •  (tide  p.  20). 

Law  of  tine  Moalft/jr  taria&m  of  ike  eoeficieni  hy  widek 
mutt  mmhqthf  the  excete  of  At  maxnuMm  ocer  the  wdmm 
ef  temperiiitre ;  tike  ram  oftkeprodMct  ami  of  the  wim^ 
mwm  gieuig  ike  smos  qftike  dojf. 

ScAUBs.  2**  per  nKXith,  set  off  on  the  abseisse.  The 
ordinates«  which  represent  lite  coefficients  of  rednctioo,  aie 
taken  on  the  scale  of  j,  of  the  values  of  the  coefficient,  cod- 
sidered  as  a  fraction  of  the  metre,  constantly  deducting  15"". 
The  eurre  relating  to  the  observations  at  a  fixed  hour  ii 
designated  by  H,  that  of  the  obflervations  by  the  thennome- 
tromph  by"T. 

The  irregularity  of  the  two  carves  seems  to  indicate  the 
necessity  of  observatioos  prolonged  over  a  much  more  ex- 
tended spttce  of  time  in  order  to  the  establishment  of  the 
exact  values  of  the  coefficient  of  leductkm.    B  is  pnteble 
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tfaat  thne  ndnea  would  vuy,  acoording  to  the  place*  and 
even  according  to  the  days.  It  vonld,  therefore,  be  de- 
■inble  that  the;  should  be  sooght,  b^  aaaiduotis  obeeirationa; 
Jb  manj  poiuta  of  the  globe  nifficieatly  distant  tK>m  nch 


riOVREB  4  (vide  p.  43). 

Zoo  (/  A«  fitaueney  of  Kindt  (monsooiu)  ni  Ac  different 
mumAi  of  me  year,  at  Dum-Dam,  near  CalmMa  (eight 
Tean  of  obacrratioD) . 

Tke  teak  oXfig.  4  is  S°»  per  month  on  the  abaciasB,  and 
G»  fbr  each  of  the  principal  directions  of  the  wind  on  the 
ordinates. 

The  curvea  constructed  in  the  interior  of  the  square  are 
those  of  the  equal  duration  of  the  winds.  Their  numbers 
have  reference  to  the  total  duration  of  the  winds  that  have 
blown  in  each  month,  a  duration  represented  by  20.    Thus, 

the  line  of  the  niont' 

e  of  the  east  wind,  ■ 
dexed  4,  whence  we  conclude,  that  during  this  month  the 
east  wind  ool^  blows  ^  or  0,2  of  the  time  during  which  the 
wind  blows  m  some  other  directioa.  The  table  on  p.  43 
gives  0,207. 


The  same  abecissffi 
are  taken  as  for  fig.  i,  and  the  ordinates  arc  oa  the  scale 
of  one  decimetre  for  the  total  duration  of  the  winds 
during  each  month.  The  curves  referring  to  the  different 
directions  of  the  wind  are  designated  by  the  letters  by  which 
they  are  recognised.  They  are  constructed  directly  by 
meam  of  the  table  on  p.  43,  in  which  the  numbers  of  the 
same  column  express  the  lengths  of  the  ordinates  of  any  one 

Imagine  that  we  have  cut  the  curved  snrftce,  of  which 
Jig.  4  is  the  topograjihical  plan,  by  vertical  planes,  drawn 
through  the  lines  N.  E.,  &c.  of  the  directions  of  the  wind. 
The  intersections  of  the  surface  by  these  planes  are  precisely 
the  curves  of^.  4  bit,  and  this  figure  itself  is  nothwg  more 
than  the  association  of  the  eiaht  curves  projected  on  a  ver- 
tic^jolane  parallel  to  themseh'es. 

llie  intersections  of  the  same  surface  by  vertical  planes 
drawn  in  the  dircctiou  of  the  monthly  lines,  would  give  riae 
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to  a  series  of  earves  anakgoiu  to  those  ^fg<  4  lu^  but 
which  would  represent  the  yariatioii  of  the  curectkii  of  the 
wind  for  each  of  the  thirteen  months  of  the  year.  These 
curves  may,  moreover,  be  constmcted  directly  bv  means  of 
the  numbers  contained  in  the  horiaontal  lines  of  the  table  on 
p.  43. 

Fig.  4^ter  is  supplementary  to  that  which  we  have  just 
mentioned,  and  ^ves  the  same  results.  Only,  insteaa  of 
setting  off  the  du'ections  of  the  wind  on  a  riffnt  line  tdJcen 
as  the  axis  of  the  absdssse,  we  have  indicated  than  in  the 
true  direction.  But,  on  each  of  their  directions  we  have  set 
off  on  the  scalb  of  a  decimetre  for  the  total  dnxatioa  of  the 
winds  during  a  month,  Uie  partial  duration  of  the  wind  that 
corresponds  to  this  point.  The  curves  thus  obtained  fbr 
each  month  are  recognisable  by  the  letters  of  these  months ; 
namely, 

J.   January.  M'.  May.  S.  S^ytember. 

F.  February.  J'*  June.  O.  Oetobv. 

M.  IMarch.  J''.  July.  N.  November. 

A.  April.  A'.  August.  D.  Deoembcx. 

In  addition,  we  may  verify,  on  any  one  of  the  J^.  4, 
4  ^,  4  ter,  the  result  of  the  examination  winch  M.  Kaemtx 
undertook  (p.  44),  namely,  the  marked  predominance  of 
N.  W.  winds  in  winter,  and  that  of  S.  £.  wmds  in  summer. 
But,  of  the  three  figures,  the  topographical  plan  is  evidently 
the  one  which  presents  the  greatest  clearness,  and  whicn 
is  best  suited  for  the  discussion  under  all  its  features. 

The  last  may  be  called  monthly  card  of  the  duration  qfihe 
winds.  It  is  analogous  to  the  cards  represented  in  fig$,  17 
and  31  his^  and  to  those  that  arc  happily  indicated  Dy^#. 
11  and  12. 


FIGURE  5  (tide  p.  48). 

Law  of  the  relative  freqwincy  of  the  winds  in  diffh*ent 

countries. 

Scales.  2'°",5  for  each  point  of  the  wind,  set  off  on  the 
abscissic,  and  5  centimetres  for  the  total  duration  of  the- 
winds  during  a  month,  set  off  on  the  ordinates. 

Initial  letters  indicate  the  curve  of  the  variations  in  the 
duration  of  the  winds,  referring  to  each  country  of  the  table 
on  p.  48  ;  to  wit, 


E.  England. 

F.  France,  Netherlands. 

G.  Germuir, 
D.  DenmiUK. 
S.  Sweden. 

R.  Ruada  and  Hnngaiy. 
A.  North  America.] 

The  igaxt,  like  the  table,  shewH  the  p 
S.W.  wino^  and  the  lendeuev,  a  little  to  tne  north  of  the 
wwt,  of  the  toean  direction  of  the  wind  in  Rusaia. 

We  must,  moreover,  onl^  consider  the  difference*  of  the 
nrdinote*  in  the  eome  carve,  and  not  in  aaj  degree  thdr 
aboolnte  valnea,  because,  in  order  to  prevent  comusion,  we 
have,  in  several  of  these  cases,  moved  back  the  axis  of  the 
e  pwallel  to  itself 


novae  6  (vide  pp.  96  and  71). 

Lao  ijflhe  diereate  of  the  tentian  of  (he  vapour  of  water, 
aeeormng  to  the  temperature. 

ScAiiMS.  3"*  per  four  d^rees  for  the  ahadsae;  three- 
fbarthi  of  the  natural  size  for  the  tension  expressed  hy  the 
"-  urht  of  the  mercurial  column  sustained,  set  off  on  the 


The  lower  carve  is  that  resulting  from  the  law  found  hy 
U.  Kaemts;  the  other  represents  the  law  declared  by 
U.  Ancvat  from  Dalton's  experiments. 

The  mere  inspecUon  of  these  curves  shews,  that  the 
difference  between  the  results  given  by  the  two  laws  goes 
on  increaMUg  with  the  temperature. 


FIOXJSB  7  (vide  p.  63). 

Law  of  the  variaHms  of  the  tenaant  of  the  vopoar  of  water 
containedin  the  air, per  hour,  iathe  diffierentmonlheofthe 
year,  at  Halle  (four  to  five  years  of  observations). 

Scales.  3°""  per  month  for  the  abscisate  j  l""  per  hour 
for  the  ordinates. 

The  curves  of  ejjual  tension  of  the  vapour  of  water  are 
traced  in  the  interior  of  the  figure :  their  numbers  indicate 
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the  tensions  expressed  in  nuUimetreB  of  the  heifl^  of  the 
mercury.  Thus,  for  example,  by  ftxllowiii|^  the  une  of  the 
month  of  June  until  it  meets  the  line  of  midnight,  we  find, 
that  the  point  of  intersection  fiJls  slmoit  euetiv  on  the 
curve  numbered  10;  we  hence  conclude,  that  the  mean 
tension  of  the  month  of  June,  at  the  hoar  indicated,  is  lO"". 
The  table  on  p.  83,  gives  9,%"«. 

In  seeking,  in  the  same  manner  as  in^.  1,  for  the  posi- 
tion of  the  inclination-lines  perpendiealar  to  the  xi^  lines 
expressing  the  monthly  ordmates,  we  find  that  ibvr  mtj  be 
tneed  on  certain  ptmons  of  the  fiffoie.  Two  enryei^ 
the  highest  and  the  third,  reckoned  mun  bdow  npvraid, 
eorrespond  to  maxima ;  the  two  others  to  mhdmm.  Their 
poffltion  on  the  topographical  plan  indioates  the  hoorij 
ranoe  of  the  variation  ot  the  quantity  of  vapour  eontainca 
in  the  air  at  Halle,  aocordmg  to  the  different  maonii^  in  s 
manner  that  is  pertly  conformable  to  the  conchuaom  of 
M.  Kaemts  (viae  p.  85). 

The  summer  curves  present  a  regular  raqge ;  bat  those  of 
winter  present  anomalies  that  seem  to  result  fipom  the  series 
not  having  as  vet  been  sufficiently  j^longed.  Now,  a  con- 
siderable number  of  observations  is  the  more  neccsnaiy,  as 
the  curves  of  hourly  variation  in  the  winter  months  present 
less  pronounced  undulations.  We  shall  easily  establish 
these  curves  by  means  of  our  figure,  since  they  result  firom 
the  intersection  of  the  surface  represented  by  our  topogra* 
phical  plan  with  the  vertical  planes  drawn  through  the 
monthly  right  lines. 

With  r^ard  to  the  monthly  curves  of  variation  for  each 
of  the  hours  of  the  day,  they  are  derived  from  the  inters 
section  of  the  same  curved  surface  by  vertical  planes  drawn 
along  the  hourly  lines.  On  constructing  them,  we  shall 
recognise  that  all,  without  exception,  present,  in  November, 
a  singular  inflection,  alto^ther  similar  to  that  which  we  have 
pointed  out  for  the  monmly  curves  of  temperature  in  Jig,  1 
his^  and  in  the  same  direction.  We  cannot  discover  the 
cause  of  this  remarkable  anomaly. 

FIGURE  8  (vide  p.  84). 

Law  of  the  variations  of  the  relative  humidity  of  the  air  pmr 
hour^  in  the  different  months  of  the  year^  at  Halle  (four  to 
five  years  of  observation). 

Scales.  9^^  per  two  months  for  the  abscisse,  and  3«a 
per  two  hours  for  the  ordinates. 


The  curves  of  relatiTC  eqnal  humidity  are  ti«ced  in  the 
interior  of  the  figure  8.  Their  indicei  give  the  quantities 
from  the  table  on  p.  84. 

"Ok  nuaaer  in  nhicli  these  ^oanti^  express  the  !«!&• 
tire  humidity  it  elsewhere  explained  on  p.  78. 

Ihua,  we  find  about  73  or  74  for  the  month  of  June  at 
9  o'clock ;  the  Uble  on  p.  84  gives  74,2. 

As  the  determination  of  these  curves  takes  place  accord- 
ing  to  the  same  series  of  obserra^ns  as  the  preceding  figure, 
ire  must  not  trust  entirely  to  the  resnlta  given  l^  the  winter 


Furthermore,  the  inclination-lines,  which  mav  he  traced 
(M  the  curved  nirface  perpendicularly,  eitlier  to  the  monthly 
or  the  hourly  right  lines,  follow  a  very  regular  range.  The 
foitner,  two  in  number,  indicate  the  hours  in  each  month  of 
(Utinial  moznnum  and  mini'ntum,  of  which  M.  Kamnta  speaks 
Cp.  83).  The  latter  we  four  m  number,  and  shew  the 
oourly  range  of  annual  maxima  and  mmma. 


nsvsB  9  (fwfe  p.  87). 

£amtffOte  taHathiu  in  Ihtlnaum  o/Ae  vt^xmr  ofvMdBr,  eon- 
tahttd  m  tte  air,  per  hour  {from  7  a.m.  toll  p.m.)  in  the 
iffftrtni  monOu  ^  tke  j/ear,  otApenradt. 

Scales.  £""  per  month  for  the  ahscissE,  and  S"  per 
two  hours  for  the  ordinates. 

The  curves  of  the  topographical  nl&u  indicate  the  mo- 
ments of  equal  alMoInte  humidity,  llieir  indices  express 
the  hygrometric  tension  in  millimetres  of  mcrcuiv. 

Thus,  for  the  month  of  May  at  3  o'clodc,  we  &id  a  result 
comprised  between  8  and  9,S.    The  table  on  p.  87  gives 

The  comparison  of  this  figure  with  ^.  7  shews  the 
enential  difference  between  the  range  of  the  absolute  bygro- 
mettic  state  of  the  ur  at  tlalle  and  at  Apenrade.  M. 
Kaamta  points  to  these  differences  without  Deing  able  to 
assign  the  cause  (ride  p.  88). 
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FIGURE  10  (n&  p.  89). 


Compariwikoftke  ttnsiam  of  ikevapomrof  wtderdtBit 
hours  at  Zwrkh  amd  an  the  M^iy  at  Zmriek  ami  «•  Ae 
FoMlkom. 

ScAixs.  1**  per  hour  for  the  abaoasgt,  and  the  fifth  of 
the  Datmal  size  for  the  pressure  in  millimetres,  lei  off  on 
the  ordinates,  deducting  alwajs  25**  from  the  ofdMtes  of 
the  series  Zurich-Rigi,  and  15  from  the  ordinatef  of  the 
series  Zurich-Faulhom. 

Z  Z  and  B  B,  corrmondin^  curves  of  the  fint  «riei| 
at  Zurich  and  on  the  RigL     (June  1832  and  July  1833.) 

Z'  Z'  and  F  F,  corresponding  curves  of  the  second  series 
at  Zurich  wod  on  the  Faulhom.    (September  and  October 

18330 

The  investigation  given  in  the  body  <tf  the  book  (p.  90) 
may  be  followed  easily  in  these  curves. 

FZGX7BE  11  {ride  p.  101). 

Law  of  the  tariatkms  of  relative  Kwnidity  during  tke  different 
winds  in,  the  four  seasons  at  Halle. 

Scales.  5*"  for  each  of  the  principal  p(Mnts  of  the 
wind,  set  off  on  the  abscissa?,  and  half  a  millimetre  per  unity 
of  relative  humidity,  for  the  ordinates,  constantly  deductiiig 
30"*  from  the  latter. 

SS.  Spring  curve. 

Sm.  Sm.  Sunnier  „ 
AA.  Autumn  ., 
\r\\\      AVinter     „ 

The  contrast  between  ^vinter  and  summer  immediately 
appears  on  the  mere  inspection  of  these  cu^^-es,  The  uuLn- 
Mic/n  of  relative  humidity  at  Ilalle  corresponds  to  the  eist 
wind  in  winter,  and  to  the  west  wind  in  summer;  the 
vuHtmnm^  to  the  west  in  winter,  and  the  east  in  summer. 
These  results  are  drawn  by  M.  Kaemtx  (p.  10*2),  from  the 
consideration  of  the  tigures  in  the  table  in  p.  101.  It  might 
have  been  added  that,  between  autumn  and  winter,  there 
ouizht  to  exist  a  time  when,  at  a  mean^  neither  the  east  nor 
the  west  wind  gives  rise  to  nuuima  or  uuru'ma ;  so  that  the 
relative  humidity  Ls  as  it  were,  stationary,  whatever  the 
wind  Ih;  at  this  period.     The  same  thing  takes  place  between 


printer  and  spring,  but  only  for  the  east  wind ;  then,  between 
spiiDK  and  Buminer,  but  only  for  the  west  wind. 

l!heae  curves  might  be  constructed  so  as  to  constitute 
aa  kwromtirie  card  of  windt  aiuiogona  to  the  carda  of  figs. 
17  and  31  bii. 

FiQuaE  12  (vide  p.  103). 

Iioaoof  At  abtclaU  divnud  variation  in  the  guimtibf  of  &e 

vapaar  of  toater  eonituned  in  Ihe  air,  above  and  bttotv  the 

atan,  eorreipoadtTig  to  each  hour,  aecordaui  to  tta  different 

KindtatHaU. 

ScAi.1.  IS"  per  four  hours,  set  off  on  the  sbecisae; 
.  and,  for  each  of  the  four  principal  points  of  the  wind,  aet  off 
on  the  ordinates. 

The  currca  of  equal  difference  of  tension  have  indices 
mdica^g  the  differences,  expressed  in  tenths  of  a  milli- 
metre of  the  height  of  the  mercury.  The  indicea  preceded 
Irr  the  sign  —  indicate  tendons  below  the  mean ;  the  indices 
m  the  tensiona  above  are  not  preceded  by  any  sign. 

By  following  the  hourly  line  of  0,  or  aoon,  until  it 
meets  the  line  of  the  south  wind,  we  find  that  the  point  of 
intersection  falls  between  the  curves  indexed  4  and  5,  at 
about  two-thirds  of  the  interval  between  them.  We  hence 
conclude  that,  for  this  wind,  and  at  this  hour,  the  tension 
of  the  vapour,  at  a  mean,  is  0°',467.  The  table  of  p.  103 
gives  0",463. 

The  potion,  of  the  inclination- lines  perpendicular  to- 
the  hourly  lines  shews  the  direction  of  the  winds  by  which 
the  relative  nuiztniuiR  and  nuntrnum  of  each  hour  occunL 
The  determination  of  the  hours  of  the  day  to  which  the 
relative  maximmn  or  mitdmum  for  each  wind  correspon<^ 
depends,  on  the  contrary,  on  the  inclination  lines,  perpendi- 
cnW  to  the  right  lines  of  the  winds. 

M.  KHmts  was  the  first  to  point  out  (p.  104)  the  ano- 
malies of  his  table,  which  are  set  forth  by  the  topographical 
plan  that  represents  it.  Moreover,  in  order  to  recM;nise 
them,  he  has  employed  the  graphical  construction  of  the 
curves,  which,  witn  us,  result  from  the  intersection  of  the 
curyed  sur&ce,  of  which  tig.  13  is  the  topographical  plan, 
with  dght  vertical  planes,  drawn  through  the  nght  lines  of 
the  wi^. 

The  same  remark  as  before  may  be  made  in  respect  to 
the  eatabliahment  of  a  card  of  wioda  giving  the  aiMoliite 
hnmiditj. 


nontB  13  (vOt  p.  111). 


ScAiss.  5**  for  two  montha,  set  off  on  the  azii  of  flie 
absdaBs,  and  500  tiineB  the  natual  flian^  ftr  the  di— kii 
measared  on  the  ordinates. 

Hie  pfogrcasioii  from  whiter  to  siiiiiineT  ii  £ilBlni| 
we  see,  by  many  anomalies,  although  there  if  a  ar^ 
^faidniitkm  m  chaiacter  finom  one  aenon  to  the  other. 


naums  U  (vUe  p.  112). 

mid  Ikt  Satme  at  Z^fcm  (four  yean  of  obeeiratifli  ty 
Al.  rom'iiaf)« 

ScAiAs.    5"*  per  two  months  for  the  ■^f*—^*^  and  I"* 

for  2^  for  the  ordinates. 

AA.  Curve  of  the  air. 
RR.  „  Rhone. 

SS.  „  Saone. 

FIOURB  15  (cuie  p.  140). 

Disiribvikm  of  (he  qwmtHy  of  ram  in  the  f<mr  mojow  m 

different  countries  of  JEwrope. 

ScAUBS.  15**  for  the  entire  year,  set  off  on  the  aids  of 
the  absdsse,  and  3**  for  eight  units  of  rain  fidlen  (the 
annual  quantity  being  100)  set  off  on  the  ordinales. 

To  prevent  the  interlaanff  of  the  curves,  they  have  hem 
separated  parallel  to  themsdves :  we  must,  therelSDre,  rder 
to  the  figure  only  for  the  differences  between  the  ordinalei; 
and  not  for  the  absolute  lengths  ^  the  latter. 

W.  >Vinter. — S.  Spring. — Sm.  Summer. — ^A.  Antnmn- 
a  a.    Curve  of  Western  England. 
d  a'.         „       the  interior  of  England. 
//•  »       Western  France. 

ff\        „       Eastern  France, 
a"  a".        „       Germany. 
pp.  n       Pctersbuig. 


FIQUKE  16  {vide  p.  137). 

CoJKparalive  ran/;e  of  the  tpumtitiet  of  rain  Aat  fall,  and  of 
the  corresponding  monlMy  temperat'iret  in  India,  at  Anja- 
nkoMdy  (&g.  16),  al  Madras  (fig.  16  bit),  a»d  at  Calcutta 
(fig.  Ifitorj. 

8cALxf.  2'°°'  per  month  for  the  abscisste ;  j,  of  tbe 
nstnrkl  size  fbr  the  heights  of  rain  Kt  off  on  the  ordinatcs ; 
J  of  a  millimetre  per  tenth  of  a  degree  set  oiT  on  the  ordi- 
mtei,  ■JwkTB  deducting  25°  for  Ainarakandr,  24°  for 
'-  '    «,  and  18-  for  Calcutta. 

L  Curve  of  tempentnn. 

nits  of  the  rain  curves  on  the  three  fignrea, 
__,__  he  curves  of  temperature  nearly  correspond, 

conformahlj  to  the  conctunons  of  the  author  (pp.  1S6, 158). 


riaURB  17  (vide  p.  139). 


SCAI.BS.    1*°™  per  degree,  set  off  from  the  centre  of  the 
figure  on  the  Section  o?  the  corretponding  wind. 
A.  Curve  ofthe  mean  of  the  year. 
a.  „  „  Autumn. 

I.  „  „  Spring. 

Tbia  Survumdric  card  of  wiad*  has  been  conitructed 
according  to  the  nnmbera  siven  by  M.  Mau«un&  in  his 
tranalation  of  a  work  ^  til.  Forbea,  entitled  '^Ahriu  einer 
geteUetite  der  netierai  ForttchriOe  der  Meteorotogie"  (Berlin, 
1836). 

Iig.  31  ier,  ia  an  exact  cop^  taken  from  this  work,  of 
the  manner  in  which  the  graptucal  representation  of  a  card 
of  winds  of  this  kind  wu  conceived  bwwe  our  time. 

It  is  useless  to  point  out  the  advantages  of  the  mode  of 
reprewntation  to  whieb  we  have  been  led  by  the  eonsidera- 
tioii  oSevrvet  ofe^md  etemeM, 


ncuBs  18  iwU§  pb  la). 


ScAus.  9^*perlioiir,  ietoir  OQ  die 
teateh  of  tlw  pcmcipal  points  of  the  irin 
Offdnttlak 

Tbeindieet  of  tbe  carra  of  efml  fikUout 
gnde  dwreei. 

TliemdiMtfop  linai ^crpfiMKcnkr  to  tiiehoiirilf  lUfafc 
Hneidctennnie  the  diicctioii  ofthe  winds  by  wliMtw  A^ 
tiveaiaxManssiidfliMMMofeseh  di^tekiesplssebsaias 
Inclinstian  Imee  pgrpcndknlsr  to  the  fiMincr  Aew  titt 
of  the  day  to^^^the  xelstive  sMHEdrnM  ai^  mMmi  te 
cseh  wind  oonwpQnd. 

Hie  irr^golsrities  of  tbe  eimres  of  this  topognqUeil 
Iikn  indictte  that  thejhsye  been  dedooed  than  anil    '^ 
dent  number  of  obeervations. 

FIGURE  19  (fride  p.  211). 

Law  qf(ke  variaium  in  the  he^ht  to  which  we 

order  to  have  a  faH  of  1°  of  the  fhermcmtUr^  of  fli 
different  hours  of  the  day. 

ScAUss.  1""  per  bonr,  set  off  on  the  abociasg,  and  1"^ 
for  four  metres  of  height  set  off  on  the  ordinaCes,  fipon 
which  120  metres  must  be  previously  deducted. 

C.  Curve  of  the  Ck>l  du  Geant. 
K.  „  RigL 

With  regard  to  the  irr^ularities  of  the  curvesy  thenme 
observation  as  in  the  preceding  figure. 

FIGURE  20  (vide  p.  212). 

Law  of  the  howrly  variation  of  temperature  cm  the  mrne  da^ 
at  different  haghts  (44  days,  end  of  July  and  August). 

Scales.  3"*  per  hour,  set  off  on  the  abeciasei  and  9^ 
for  eight  centigrade  degrees  on  the  or*—"' 


G.        „         of  Genera. 

Z.         „         of  Zurich. 

B.         „         of  Berne 

L.        n         of  Lucerne. 

M.         „  of  Milan. 

The  ordinates  of  these  curves  being  set  off,  itarting  from 
the  different  right  lines,  parallel  to  the  abscissffi,  passing 
through  their  extremitiea,  their  undulations  must  be  re- 
garded aa  expressing  only  differences,  itnd  not  absolute  tern- 
perstures. 

E21  (ncfep.  213). 

'fll 
a  faa  vf  r,  u 
year. 

Scu^s.  l""  per  hour,  set  off  on  the  abscissK,  and  l""' 
per  four  metres  of  ht^ight,  set  off  on  the  ordinates,  from 
which  140  metres  is  alwaj^  deducted. 

G.    Carve  of  Geneva  and  St.  Bernard. 
6r.        „         Southern  Germany  and  Northern  Italy. 
The  irregularities  of  the  second  curve,  although  less 
marked  than  those  of  the  former,  indicate  that  the  observa- 
tions are  not  yet  sufficiently  numerous. 

FIGURE  22  (riiJe  p.  24S). 

Lme  of  the  diumal  barometric  variation  in  differeid  placet. 
Scales.     5"™  per  four  hours,  set  off 
^    ne  centimetre  for  4°°' of  barometric  height,  set  off 


0. 

Cut 

Curve  of  the  great  Oceai 
Cumana. 

G. 

Gujena. 

ct 

Calcutta. 
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Padua. 

H. 

Halle. 
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Abo. 
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b  (Xdcr  Id  [>rcr*Mtt  the  interlacing  of  tboe  entv^  flic  I 
an  of'the  abiiciwK  bat  been  moTeii  paf*Ud  fr  ^-"—  ■ 
tbow  iriiidl  Kigbt  haTC  been  caafoaiided  with  a 

A(VW«<  JUb  (tor '-'  — ' 

Scuxi.    C""pv  two  a 
■nA  te  fanr  boon,  B 

Mi,  m.  Cam  flftlMtws  (Band  « 


r  {tea  ye«ii  of  obeervstion). 


naums  25  (vidt  p.  2f3). 

t  fiaceM  (from  Jtilj  19  to  Angut 

Scales.  3~^  per  boor,  wt  off  on  the  axk  of  Ac 
kbsciasE,  uid  3"  net  tenth  of  a  millimetre  of  the  variatilHI 
of  the  buometric  tidght,  aet  off  on  the  oidiiiatcs. 

F.  Cnrre  of  the  Faalhom. 
P.       „        „      Paria. 

G.  „        „      Gencv*. 
Z.       „        „      Zurich. 


riQUUB  26  {vide  p.  254). 

Xau  qftke  ditmal  barometric  variation  at  dfffireiU  IteighU. 
SciLBi.    3~"  per  four  houre,  wt  off  on  the  azia  of  the 
absdnte,  and  five  times  the  real  she  of  the  hourlj  variatiOD, 
set  off  on  the  ordiuates. 

ZZ.    First  curve  of  Zurich. 
RR.   CoireiipoTiding  curve  of  the  Rigi. 
Z'Z'.  Seconcl  curve  of  Zurich. 
FF.    Corresponding  curve  of  the  Fanlhom. 
In  this  figure,  we  must  only  consider  the  undulations  of 
each  curve,  and  not,  in  any  decree,  ila  absolute  podtion  in 
relation  to  the  axis  of  the  abscisss. 

PtQUKE  2?  (fide  p.  261). 


SciLB».  I""  per  2°  of  latitude,  set  off  on  tie  axis  of  the 
bsciwE,  and  twenty  times  the  real  size  of  the  osullatioa,  set 
ff  on  the  ordinates. 


FiaURE  28  (du&  p.  264). 


SCAI.B8.  Half  the  natural  size  for  the  barometric  oscil- 
lations, set  off  on  the  axis  of  the  abscissiE  (the  positive  on  the 
right,  the  negative  on  the  left,  of  zero),  and  2"'°'  per  degree, 
set  off  on  the  ordinates  (the  positive  d^rees  above,  the 
negative  below,  the  axis  of  the  abscissec). 

BBB.    Line  of  Bagdad. 

OOO.         „      Ofen  or  Budi. 

CCC.  „      Cambridge. 

£EE.  „      Eyafiord. 

For  each  of  the  three  latter  curves,  the  axis  of  the 
abadMK  is  drawn  back  parallel  to  itseli^  and  passes  by  the 
letter  at  the  middle  of  the  curve. 


b 


PIGITKE  2U  ijdl!e  p.  271). 


ScAUi».    3"»»  per  ft 

id  s  half  of  thecxoesaoftberealbmmelrie 


bdght  over  740"". 

S.    Curve  of  Spring. 

Sm.         ,)       Sumiucr. 

A.  „        Autumn. 

W.         „        Winter. 

A.  „       The  entire  yew. 

FIonsE  30  {ride  p.  SSI). 

Mean  monlAl]/  baromtlric  hcighl  at  dlfferemt  tatHaiUx. 

ScAixa.  5"  per  two  months,  set  off  on  the  axis  of  the 
tbecbstc,  and  ten  tiinea  the  natural  size  for  the  differences 
of  the  ordinates. 

1  Curve  of  the  Harannah. 

2  „  Calcutta. 

3  „  Iknare*. 

4  „  Macao- 

6  !|  Paris. 

7  „  Stnubniv. 
6           „  Halle. 

9  „  Berlin. 

10  „  Fetersbui^. 

We  must  only  consider  the  oecillations  of  these  cmra, 
and  not,  in  any  tJegree,  their  absolute  position  in  respect  to 
the  axis  of  the  sbsossae,  which  has  be^  moved  back  seven] 
times  parallel  to  itself. 

PtOOaE*  31  (ride  p.  286). 

Law  of  the  vtavitioH  of  Iht  baromelrie  pretnov,  aeeordaglf 
lie  different  wihdt,  m  divert  plaeet,  m  the  nmox  latHiidet. 

notrma  31. 
Scales.    £■■  for  each  of  the  eight  pmnls  of  the  nai, 


set  off  on  the  azii  of  the  abscisse,  and  five  times  the  excera 
over  O",?  J  of  the  barometric  height,^«et  off  on  the  oidinales. 

I.    Curve  of  London. 

m.         „       Middlebnrg. 

A.  „       Hunbnrg. 

e.         „      Copenbageii. 

a.         „      Apennde. 

p.  „       Puis. 

M.        „       MindeiL 

C.        „      Cailarnhe. 

nauKB  SI  bit. 

ScAU  of  double  the  natural  size,  for  the  excess  of  the 
barometric  height  over  the  conEtant  namber,  O^trS,  an 
excess  set  off  on  the  direction  of  each  of  the  eight  principal 
points  of  the  wind.  This  figure  is  the  barom^rte  earaof 
teindt,  for  Parit. 

s.    Curve  of  Spring. 

mt.         „        Summer. 

a.  „       Autumn. 

ID.         „       Winter. 

y.  „       The  year. 

FioDRi  31  ter. 

The  same  card  of  winds,  under  a  different,  but  less  ex- 
pressive form,  adopted  by  M.  HaUmann,  in  the  work 
already  quoted  {vide  p.  527). 

w.    Circle  of  Winter. 

».  „        Spring. 

*m.        „        Summer. 

a.  „        Autumn. 

y.  „        The  year.  • 

It  is  easy  to  see  that  the  law  of  the  variation  in  ba- 
romelric  pressure  in  any  given  place,  according  to  the  winds, 
may  be  placed  under  a  fourth  lorm,  which  would  be  that  of 
a  topographical  plan.  For  this  purpose  we  have  only  to 
take  as  co-ordinates  on  the  plane  of  projection,  the  intervals 
of  the  points  of  the  wind,  and  those  of  the  seasons,  and  to 
refer  to  them  the  projections  of  the  lines  of  equal  barometric 
presmrc 

An  indexed  plane  of  this  kind  would  be  still  more  satis- 
bctory,  if  the  seasons  were  divided  into  months. 


su 


ncuBs  »  (diit  p.  SMO- 

Lam  i^Ae  verkOom  m  He  hemHg  ht^qfjkt 

wiOk  Ae  d^fmai  wmii  oibomamikdamAggmunim 
ai  Hb  mam  komr  (series  of  fimr  ytan  of  dhwiatioa). 


ScAus.  S^  per  two  booiB,  «t  off  on  the  aan  of  tte 
■hidiiiwB,  and  for  eieh  of  the  c^t  principal  ponli  of  the 
wuidfineMiiredoaiheordiiMites.  . 

llie  ciinres  of  eqiial  yiriatkHi  of  height  are  tiaeed  in  tte 
interior  of  the  unaie.  Their  in^tieet  cayrcai  milliinrtfei 
abore  and  bdow  toe  mean ;  these  latter  wUh  the  ngn —^ 

There  are  but  two  incUnatioa-lmes  fbr  the  pottkn  of 
the  day  comprised  in  the  topagn^liical  plan.  One, jpenMB* 
dknlar  to  tlM  line  of  the  wmos,  makes  nown  the  dSreraon 
of  the  wmds  that  correspond  to  the  jsici^test  fidls  hi  the  dif, 
in  regard  to  the  hours;  this  direction,  in  the  figiiic,vam 
from  the  soath-west  to  the  soath.  The  other  nnkes  known 
the  hour,  of  the  day  to  which  the  lowest  hei^t  ^termined 
by  each  wind  corresponds. 

Fiaunn  33  (vide  p.  292). 

Law  of  the  variation  of  the  differeneee  oflevA  calniaiedfor 
the  barometer  between  HaUe  and  three  other  totnUf  dMrmg 
eUfferent  winds  (three  years  of  observation). 

ScAJLBs.  5**  for  each  of  the  four  principal  points  of  the 
wind,  set  off  on  the  absdssse ;  and  1"*  for  four  metres  of 
difference  of  level,  set  off  on  the  ordinates. 

B.    Curve  for  Berlin. 
P.  „        Paris. 

Z.  „        Zurich. 


FiaURB  34  (vide  p.  308). 

Variation  in  (he  height  of  the  barometer  at  BerUn^dwri^  rainy 

according  to  (he  winds. 

Scales.  ^  5**  for  each  of  the  four  principal  points  of  the 
wind,  set  off  in  the  absdssse,  and  natural  sine  for  the  hd^hts 
measured  on  the  ordinates,  constantly  deductiqg  0^740". 


FIOUBE  35  (vidt  p.  311). 


ScAi^Es.  3""  for  each  of  the  four  principal  points  of  the 
wind,  set  off  on  the  abscissx,  and  five  times  the  natural  size 
for  the  variation  of  barometric  pressure,  measured  on  the 
ordinates. 

b.    Cuire  of  the  iay  before  run. 


riGURS  36  (vide  p.  31S). 

of  lempenUare  beCween  HaUe  and  the  Bracken,  for 
different  untuU,  at  a  mean,  and  the  doyt  of  rain. 

Scales.  5""  for  each  of  the  four  principal  points  of 
the  wind,  set  off  on  the  abscissa;  I""  per  degree  for  the 
difFbrenoes  of  temperature,  set  off  on  the  ordinates. 

m.    Curve  of  the  general  mean. 

FiaUBE  37  {vide  p.  317). 
SimdtaHeout  variatioru  in  the  height  of  the  barometer  and 

Ihtrmometer,  during  the  tempeel  of  January  14  and  IS, 

1827,  at  HaUe. 

Scales.  3<°~  per  four  hours,  set  off  on  the  axis  of  the 
absdntK ;  S""  per  2"'"  of  height  above  0",720,  set  off  on 
the  ordinates  of  the  curve  B  of  the  barometer;  and  IS*™ 
per  four  d^ees  of  temperature,  set  off  on  the  ordinates  of 
the  curve  Xof  the  thermometer. 

riOUBE  38  (eide  p.  343). 

Variatioa  in  the  number  of  negative  mint,  with  the  direction  of 
the  wind. 
Scales.    7i""  for  each  of  the  four  principal  points  of 
the  wind,  set  off  on  theabscisBi;  4;-"  for  100  falls  of  rain, 
set  off  on  the  ordinates. 


5M 

The  dotted  line  is  drawn  at  the  dJihmre  of  100  fioatib 
ans  of  the  abecMwe.  The  ^OMtioii  of  the  cmreii  ia  lo^ 
to  this  line,  shews  the  zdation  of  the  nnmber  of  ncpthtto 
the  immbcT  of  positiTe  nana. 


nouSB  39  (Me  p.  359). 
RdaJJoenuiAeroftiormi^aceardu^iaAe  §eammt,m^l^imi 


ScALBS.  15**  per  year,  set  off  on  the  axis  of  the  sb- 
sdsse;  15*"  per  40  storms,  set  off  on  the  ordinates;  the 
number  ot  storms  that  hare  oocarred  during  the  whole  yev 
being  100. 

W.  Winter;  S.  Spring;  Sm.  Summer;  A.  Autumn. 

eee.    Curve  of  West  Europe. 
sst.  n       Switserkno. 

gm.         „        Germany. 

eee         „        The  interior  of  Europe. 

The  axis  of  the  absdssse  has  been  sncoc^vdy  raised 
parallel  to  itself,  for  each  of  these  four  curves. 

nOURE  40  (vide  p.  360). 

Distribution  of  storms,  according  to  the  seasons,  in  different 

points  of  Samdinavia, 


Scales.  5*"  per  month,  set  off  on  the  axis  of  the  ab- 
scissa! ;  lO""  per  unit  of  the  relative  number  of  storms ;  the 
total  annual  number  being  supposed  at  100. 

bbb.      Curve  of  Bergen. 
sss.  „         Sa'ndmcer. 

s's's'  „        Spvdberg. 

s'Ys"         „        Stockholm. 
yVV"       „        Skara. 


FiaURE  41  (vide  p.  378). 

Nwnher  ofhaiUshowersper  hour,  according  to  the  season. 

Scales.    5""  per  two  hours  for  the  abscissse,  and  !■* 
per  fall  of  hail,  set  off  on  the  ordinates. 


SSS.  Curve  of  Spring. 

Sm.  Sm.  Sm.  „       Summer. 

AAA.  „       Autnmn. 

WWW.  „      Wmter. 


FIQUBE  42  {vide  p.  379). 


Scales.  5"  per  kewoh,  set  off  on  the  axis  of  the  ab- 
scins;  l""  per  &U  of  bail,  set  off  on  the  ordinsles;  the 
total  number  of  showen  in  the  jtai  being  100. 

SEE.  Curve  of  England. 
FFF.  „        France. 

GGG.         „        Germany. 
RRR.         »        Rusna. 


APPENDIX,  No.  II. 


NOTES  BT  CHABLES  V.  WALKER. 
PreUmnary  Note  on  Decimal  Notation. 

Thi  nmplex  utd  nnphiloiophical  sritem  of  wdgtiU  ud  mnuum 
wUch  bai  b«n  haodrd  dowD  to  lu  from  our  hthcn  U  &  sore  hindtr- 
aotx  lo  all  nomniral  operatloiis.  Not  only  must  the  memory  be 
burdened  with  an  heterogcDeous  mais  of  ralioa,  bat  much  dme  mnst 
be  eoninmed  In  the  Bctmi]  reduction  of  Tnlues  In  meuu  of  tbcw 
inconitiut  CD-eStdcnts.  It  la  to  be  hoped  that  the  time  vill  come 
when  theK  falDderances  to  the  adiaaee  of  knowledge  aball  be  baniahed 
from  onr  land,  and  when  we  shall  pos»esi,  aa  do  our  eontinental 
nelghbeura,  a  decimal  system  of  notation.  Id  the  meantlnie,  ire 
can  acareely  help  continuing  to  think  in  terms  famJIlar  to  us,  and 
n^g  snch  ratios  as  drciunstances  have  presented  to  us.  In  the 
---■—(,  the  metrical  and  derimi'  ■"  "        — '   -■ 


C 


in  order  that  the  English  reader  may  be  enabled  to  compare 
uicse  dlmentiona  with  his  own  standard,  I  have  given  a  table,  p.  541, 
containing  the  values  of  racb  measnronents  as  present  themiclvea  In 


lepan. 

Thk  Metbe. — He  unity  of  linear  mcanuvments,  and  the  base 
also  of  wriftht,  is  the  mefre.  It  Is  the  ten-milliontb  part  of  the  qnartw 
of  the  mrndian  of  the  earth.  The  original  standard,  made  of  plaU- 
nnm,  was  deposited  in  the  Archives  of  France  on  the  4th  of  Mesd- 
dor.  in  the  year  Seven  ;  and,  when  it  la  at  the  trmperstnre  of  freeilng, 
it  gives  the  legtd  length  of  the  metre.  Its  true  value  Id  English  inches 
is  39,37079.  Taking  this  name  as  unity,  the  notation  is  csnied  on 
by  a  certain  set  of  prefixea  to  Indicate  tens,  hundreds,  fa.  ol  this 
unit,  and  another  certain  aet  for  tenths,  hundredths,  &c.  as  shewn  In 
the  following  table:— 

Myria-mtlre  =  lOOtM  =      6,3138  miles. 

Silo-mttre     =    1000  =      0,6ai3      „ 

Hecto-metre  =      100  =  I09.363B  yards. 

Deca-metre    =        10  =    10,93113      „ 

Mtirt    =  1  =      1,0936      „ 

Centi. metre  =  o!oi    =      o!3937      „ 

MilU-mtlrr    ^         0,001  =      0,0393      „ 

In  the  ri^t-hand  eotonui  I  have  given  thevaluea,  not  in  one  name, 

bat  In  the  terms  of  onr  standard,  wUch  would  be  employed  la  parallel 

eases.     Of  these  measurements,  two  are  of  very  eonataat  occurrence 

tbronghout  the  volume,  the  ascf  re  and  the  ■uIKmelre.    Three  otiien, 


540  AFnonnz,  so.ie« 

otten  are  rarcly  emploTed  bcre.    For  greater  eonvcBlaioe  of  i 
tteie  tre  terms  wn  UMtnetod,  ud  the  Talnei  of  Ock 
dislts  we  chren  In  the  tsble,  p.  641.    Tlds  plan  of  nraa^^^  _ 
wu  of  e»  digit  win  be  fimM  very  eon^eoieat  fl»  fcady  icfBRHL 

llie  Mcfrc  is  eonstsntl j  applied  to  such  iWaimlfs  as  wt  AnH 
express  In  yardi,  or  oeeaaooaily  feet,  as,  for  iuteBoe,  the  hdgUi  4 
moontsins,  slioct  distanees,  &c.  Its  approodmate  valiie  b  oar  jad 
sod  Qoe-twciftli;  so  thst  any  height  fiipusaijii  in  metrcs  Bar  te 
roughly  oontcrted  into  yards,  by  addfai^  to  it  one-twdflh.  Rr 
eorrect  rednetloas  the  digital  table  is  thna  used : — 

Any  nnmbcr  of  metres  being  given,  to  ooBvcrt  them  ists  feBi 
theTaloeoftheaattf-di^  is  taken  from  the  table;  beaea&ttiiii 
plseed  (one  spaee  more  to  the  left)  the  vahie  of  the  fna  %if; 
beneath  this  and  one  more  to  the  left,  the  teadrvdt-di^if,  aadmm; 
If  there  are  decimals,  the  Talne  of  the  fm/As-d^  is  plaoed 
of  the  aato,  bat  one  spaee  to  the  right;  fbrezaBsple: — 

Hei^oftheFsnlhom  =  9679nietica. 


2  s       6,5617 
70  a-    399,662 
600 -s  1968,63 
9000  =  6561,7 


8766,4537  feet. 

Colunn  of  water  equalling  the  mercurial  colnmn  =  1 0,2  mrtm. 

nMtrM.  feet. 

0.    =    0, 
0,3  =      ,65617 
10,0  =  33,808 


33,46417  feet. 

These  results  wiU  not  come  out  so  accurate  by  ordinary  caknls- 
tion,  unless  the  work  is  increased  by  the  use  of  another  drrimsl 
figure. 

The  millimetre  is  chiefly  employed  in  reference  to  the  height  of  the 
barometer ;  the  general  methoa  of  conversion,  and  general  values,  will 
be  given  in  Note  h;  see  abo  the  second  column  of  th^  table.  Accurate 
results  may  be  obtained  from  the  accompanying  table  by  the  method 
which  has  just  been  given  for  metres. 

Tlie  kilometre  nnd  myriametre  arc  employed  for  long  distances,  on 
which  account  their  value  is  given  in  English  miles. 

Several  other  terms  of  dimension  occur  in  the  course  of  the 
Tolume ;  these  are  collated  at  the  top  of  the  second  column  of  the 
table,  together  with  their  values,  in  the  most  con^-enicnt  terms. 

Oramme, — ^Tlie  unity  of  weight  is  the  gramme;  it  is  the  weight  in 
vacuo  of  a  cubic  centimetre  (.06103  cubic  inches)  of  distilled  water, 
at  the  temperature  of  4^  cent.  (39,2  F).  Prefixes  are  employed  with 
the  gramme,  similar  to  those  used  for  measures.  I  have  given  in  the 
table  digital  tables  of  the  terms  chiefly  employed  in  tms  volume ; 
namely,  decigramaiei,  grammeiy  and  kilogrammet. 


DIGITAI.  TABLE  OF  FRERCR  NKABUKBa,  WITH  EnOUSH  V 


7  '^  ,97S6     , 


-  a7,S5fl 
=  3s!433 


1  3,S80Shet 
'  6,S6I7  „ 
:    B,»t36    „ 


I  -    6,3138  mila. 

a  =  ia,M77    „ 

3  =  18,641S  „ 

i  -  M,B55*  „ 

G  —  31,06B3  „ 

S  =  37,9831  „ 


Sqnare  metre  -•  1,196  iq.  jda. 
^;^~°'*"}=  .lM«,.inehe. 
Hectare  =  a,47U  acres. 

}  -  SB.317  c< 


Cnbie  metie    1 


Cubic  decimetre    —  61 ,098  cnb.  In. 
Cubic  centlmettc  —      ,06109  „ 
CuUc  mlltimetre  —      ,00006  „ 
30  In.  -  769— 

1  „    -    99,4-' 

1""   —  ^  In.  nearly. 


M2  ArrmavELf  ira.  n. 


NoTK  c  («tfe  p.  7.) 

To  bsfc  oon'vcxted  tiie  otaitigrxie  dc^iou  oi  tids  tiutiM  sto 
those  of  the  scale  to  which  the  English  reader  is  more  aenutiaDcd,  t» 
wit,  Fahkbnhbit's,  would  not  only  have  detracted  greatly  frosi  tk 
spirit  oi  the  anthor,  but  would  lia:ve  serioosly  interfered  with  M. 
Lalannk*8  Talnable  graphic  ddineataoos,  aU  of  whi^  are  coa- 
stmcted  for  the  centesimal  scale ;  such  a  conversion  voald  have 
inyolved  the  re-constraction  of  the  several  delineations ;  aad  te 
reader  woold  tiins  hare  been  deprived  of  the  authentic  corves  m  Acy 
have  been  accnratdy  oonstnicted  by  the  talmtfd  Frenrii  mathrish» 
dan.  Therefore,  as  temperatores  will  be  set  before  the  reader  is 
terms  to  which  he  is  not  habitnally  familiar,  it  may  not  be  aadas  t» 
rive  him  as  mudi  fiadlity  as  possible  for  the  ready  interpretatiaa  of 
uese  expressions. 

The  height  of  the  thermometer  wHl,  as  we  have  said,  ahrap  be 
expressed  in  centigrade  degrees.  In  addition  to  what  is  to  be  gatknd 
from  the  text,  let  him  remember  that,  as  5  centigrade  eonal  9  of 
Fahrenheit*8  degrees,  each  centigrade  degree  is  equal  to  i^|  or  r,S 
of  Fahrknheit*s  scale ;  so  that,  whenever  he  finds  mention  oude, 
as  he  will  very  frequently,  of  a  rise  or  fall  of  1^  in  the  tempcratnit, 
he  can  appreciate  the  eArct  on  Fahkenheit's  scale,  by  reganfisf 
the  change  as  equal  to  r,8. 

If  the  converse  case  is  taken,  and  he  desires  to  compart',  a*  possi- 
bly he  may.  the  effect  of  a  change  of  r  P.,  with  the  results  contained 
in  any  of  the  tables  in  this  treatise,  he  will  have  the  followinjr  valas: 
9°  F.  =  5'  C. ;  and,  therefore,  1*  F.  =  0^,55  centigrade. 


Note  6.  (nVf^p.  14.) 

The  tables  contained  in  pp.  15  to  IS  are  expressed  in  centipade 
degrees,  each  one  of  which,  as  was  explained  in  the  pre\noa.«  note,  is 
equal  to  l',8  of  Fahrenheit's  scale  ;  but,  as  the  zero  of  the  centi- 
grade (which  corresponds  to  the  freezing  point)  is  numbenini  32  on 
Fahrenheit's  scale,  it  is  ob\ious  that,  after  every  conver>ion  from 
the  table  into  Fahrenheit's  scale,  32^  must  l)c  added.  As  illus- 
trations from  the  table  before  us,  pp.  15,  16,  take  October  at  eleven 
o'clock,  when  the  temperature  is  8°,00  C. 

8*   X   1,8  =  14,4  +  32  =  46°,4  F. 

September,  at  the  23d  hour  : — 

17°  X   1,8  =  30,6  +  32  =  62^,6  F. 

It  is  very  desirable  to  be  able  readily  to  aff'ect  approximate  con- 
versions, without  recourse  to  any  thing  further  than  mental  calcula- 
tion ;  fortunately,  a  very  simple  process  presents  itself.  It  consists 
merely  in  doubling  the  tabular  number,  and  deducting  one-tenth  of 
the  product ;  of  course,  adding  32  as  usual ;  if  the  whole  of  the  ope- 
ration is  retained,  the  result  is  accurate ;   but,  when  the  decimal 
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flenm  ire 
OMatncd. 


To  take  otiwr  caan  ;  Denmbsr,  at  the  list  hour : — 

1,99  X  1  —  3,98  -,398  —  3,589  +  33  ^  3B,S83 
Or,  fbr  •  rough  approximation  : — 

1,9  X  3  ^  3,9  —  ,39  >=  3,ai  +  53  =  35,51 

s,  follmred  by  the  real  valuea,  will  far- 
April,  lOh.     8,9  X  3  =  17, B  —  1,78  =  16,M  +  33  =  *8,0a 
ml  value  ■^16,07<  -t-  33  ^  48,074 

Jnu,  ISh.     10,79  X  a  -  31,6  —  31,8  =  19,44  +  33  =  51,44 
real  value  —  19,433  ■«-  33  =  51,433 

Jan.,  Bh.     —3,05  k  3  ^  —  4,1  -  ,41  =•  —  3,69  +  33  -  38,31 
nalTBlne  =  -  3,69  +  33  =^  28,31 

The  abore  mle  Is  merely  ^ven  for  the  eooTenlence  of  the  reader ; 
to  enable  blm,  as  be  reads,  to  coDrert  in  a  raament  one  value  Into  the 
other  some  ;  such  derice  is  called  for,  because,  when  we  bsve  beeu 
long  accnatomed  to  think,  as  it  were,  In  a  beaten  track,  it  is  some- 
uliat  a  difficult  task  to  remodel  oar  confirmed  habit.  As  the  converse 
ease  doe*  not  here  come  into  requisition,  it  may  be  passed  over. 

NOTBC.  (ride p.  Bl.) 

The  distinction  given  In  the  text  between  gate  and  capmin  is 
tone  nnder  ordinary  drcnmstancts  :  but  gtaet  do  not  always  remain 
Id  the  gaseous  state  ;  (or,  when  subjeetrd  to  great  pressure,  many  of 
them  luve  been  condensed  into  a  liquid  form.  For  these  discovenra, 
we  are  Indebted  to  the  skill  and  perMvenmce  of  Fabadat.  His 
Is  thus  described  in  brief  by  Mr.  " 


"  Mr.  Faradat  eondmsed  the  gases  by  eiposina  them  to  tl 
prenore  of  tlieir  own  atmospheres.  He  put  the  materiala  for  produi 
mg  them  Into  a  stoong  glass  tntw.  a 


metically  sealed.    When  necessary,  heat  was  applied ;  and,  v 
^esanre  within  became  sufficient,  the  liqald  made  Its  af-" 
the  empty  end  of  the  tube,  which  was  srtiiidally  cools)  ui  dhih  m 
tbe  eondensatlan.     In  thote  eiperimcnts  much  danger  is  incurred, 
from  the  bursting  of  the  tubes :  so  that  the  opemtor  should  protect 


Jogieea  «  preosnre  for  the  purpose  i — 

•  FUf  Bauni's  Mamial  of  Otmiilry,  p.  IW. 
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Sulphiiroa»  acid  ..2    at  45-F.  Salphiirett<t!hTdro2<eD  17  iZ'>rT. 

Chlorine    4     ..60       |Carbonic  arid  '...."..    .V  ..  1 

Cyanokix-D 4     ..  60       JMnriaDc  arid. 40  ..  ii 

Auuuunia 6,5  ,.  50       !Nitruu£  acid 50  ..  45 

Curb"nic  Acid  Gas. — Of  thc#«  ea»e«  thezr  i*  oar.  carbcvzjc  laL 
with  which  wt*  have  ^Hfixime  familiiir  in  a  <:'>.'i<f  form.  Tht  ncio:: 
for  it^  a«>umiDir  thi«  f«.>nn  pm^ent*  the  mo!>t  forribitr  ill:i.<r&&oa  t 
have  t>f  a  iSTvax  laiti  in  nature,  which  plavs  a  most  impiirtAi;  ^ar:  3i 
the  doiiiiiin  of  inete<iroloj\-.  namely,  the  aV*<r.rjit:oa  of  Lrj:  :.rzz 
cvaponitii>n.  and  the  conset^iient  pruductinn  of  c>  '.d.  Car*-  li*  viiL 
in  the  riscou*  state,  i*  a  cuu-urlis*.  lii-rifi'-rm  f!u:d.  pe-rft\-:.\  ■^jj'."*:^ 
rnble.  nf  a  specific  irra\ity  reprcx-ntcd  by  1..^2.  air  bci-j  ..  I*,  i* 
a  com|Kiiind  nf  carhiin  and  o\ycen.  ami  is  prodaced  ii^uiiJ.'UiLT  h  &_ 
ca*c<  of  cmnbustion  ;  it  i*  al-o  exhalei!  from  the  Iuni>.  P  rir.  l;. 
chainpatriKs  and  many  mineral  w;;ter*.  dori\c  their bri*knc<-  zy-z.zit 
presence  of  thi<  cas.  which  \*  eratefiil  to  the  diire«tiTe  orcan-.  tiwih 
deleterious  to  the  lnnc9.  It  exists  in  small  quantities  in  the  &s&> 
sphere  :  less  than  .01  per  cent.  It  is  artifirCally  pn.icnjrd  bj  ircir 
on  marhle  with  dilute  muriatic  acid  :  or.  on  a  lanri'  scale,  by  tetLz 
on  chalk  with  dilute  sulphnric  arid. 

LitjuiJ  Carbunic  Adit. — -\fter  Faraday's  researrbe*  baJ  cii:- 
bitetl  carbonic  arii!  in  this  new  furm.  M.  Tiiii.orikr  de%>:^l  a^rs- 
mtiis  ftir  pnuluriniT  it  in  larp*  quantities,  .-vud  in  s.ifety  ;  Mr.  ArrAW 
of  KL-n-lniTton.  h;L«  CT^ally  improved  upou  the**.  instrui;ii:.*> :  ia: 
he  nuw  manufncture*  it  on  a  li\rre  "k^do.  and  even  .i*  aii  .irt:.\;  :" 
comnurr*  ;  fi-r  he  trll>  mo  that  hr  has  actr.iilly  sent  it  i::  ir.c  ?•.:•. 
form  to  America.  We  are  not  cjdleil  upon  in  this  Trtar:-t  t  '  sst;: 
into  the  detiuls  i»f  the  pnnxss  : — Lt?  the  naiK-r  iuiairir.f  a  rTr-  :  j  L*  i 
cxlJinliT.  fimr  fett  li>nj  and  two  iurhi*  inti  n;.il  lii.Mu-.^ttr.  •  :  -  .r^'.ii* 
'*trrn:.-th  tn  n  "i^t  40liolh«».  on  thr  Hquarv  iTirh.  Bir^ir^^'-j.-^T'  •  '"-■ii. 
water,  ami  sulphuric  acid,  are  pluo.d  in  thi-  r\liiii!'r  ;  ,'l:.-1.  •:^'..-'i  :_. 
the  vahc'.  sire  secun'd.  it  i«i  inverti*<i  >o  a<  tn  mix  ihi  i:i.-r.--I:fzt*. 
The  ireiii-ration  of  the  ira<  immediately  comnuiices  ;  an  1.  a«  it  iix*  if 
mean*  of  f^rape.  it  r\i*rt<  thr  pressure  of  its  own  el.'**rir:?v  •  :.  :t*r.:. 
ami  i<  cmpre-^seil  into  a  liipiiil.  the  <picilie  jrra^ity  nf  wh»,  h  >  /j;.:?: 
th;ui  that  of  thr  -iolution  of  sulphati  of  «mia.  m-w  o  nt.ii  .rl  ~ 
the  \e''-tl.  -io  that  it  floats  on  the  <iiirf:we.  Hy  c«'>nr.eitir.^  '■..-  \r^«r. 
with  a  rrriixer.  of  a  similar  ehanu-ter  as  to  •♦treiij^h.  tin-  ::■,=•■  1  .v-- 
Ixmie  aril!  io  di'>tiiU-d  otf  opt 'iitaneouoly  :  which  pr-^nv*-?  is  ai-fi.crritci- 
by  a  iii<-rh:ini(*al  rontrivanee  intrmhiinM  ]>y  Mr.  .\Dn  \m?». 

^  '/i-/  ('i.T'/.'/iir  Arid. — Whin  we  reflect  that  thr  liijiiid  ar:-:  i-  brM 
down  by  a  pressure  of  nt^t  le-x  than  thirty-"iix  armf»>phcrt;>.  we  cts. 
renilily  imaL-iue  the  force  with  whirh  it  would  escape,  when  the  oriirr 
is  open,  ami  the  rajndity  with  wliich  it  would  expan.l.  1  w.it  i  •[.  -  •  jnax 
and  *o  nijiid  is  its  chancre  of  form,  that,  while  one  part  jwi-i-r-  irft-  thr 
normal  -j^im-ous  "Statc.  anothir  part  i<  actually  fri'zcn.  on  aivoiMit  i-ftse 
imuu-iivr  quantity  of  heat  abitractiMl  durintr  the  ^^oU-nt  e\ap'  nitir-r.. 
Hy  a  liir!e  routrivanw  thi*  frozi-n  portion  is  retidncil  in  a  d-^r-'^'Vit 
hnx  :  it  ri-*embh-*  snow  in  apiK-araru-r  ;  when  hanilinl.  it  -l.^>  n:-t 
ff«l  verv  I'old.  althomrh  actually  U**  hrli»w  the  zero  oi  F.vhri  mikit: 
nor  dwj  it  under  the>e  circumstance>  freeze  mercurv.     Thi-  eau?i:  (f 
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thli  M)ORui]y  ii  the  eitreme  difficulty  of  bringliig  (oniga  bodlea  Into 
eontact  vith  the  aad  \  h  film  of  Its  own  TSpour,  which  1*  entirely  vOU 
of  condnctlnR  poirer.  and  liu  very  little  capadty  for  heat,  interrenea. 
But  when  ■  Uttle  ether  U  added,  eontact  is  effected,  nnd  the  most  la. 
tout  cold  is  developed.  Mr.  Aodaiib  froie  ten  pounds  of  mercury 
la  Ic*a  than  right  minutes :  he  also  kept  a  large  lump  of  the  solid 
eartionic  add  In  a  red  hot  crucible  for  one  minute,  and  then  froie  with 
It  a  pound  of  meicury.  These  phenomena  are  an  extreme  case  of  tho 
elliwti  of  evaporation,  of  which  we  shall  see  the  varions  phases  in  the 
eonne  of  this  volume. 


Note  d.  (Me  p.  78.) 


and  also  the  bulb  of  a  small  and  very  delicnte 
thermometer  included  in  one  arm  of  the  instrument.  As  all  air  is 
eicluded  from  the  tube,  its  entire  space  is  Ailed  with  the  vapour  of 
etlie'.  The  other  bulb,  A,  Is  tl^tly  covered  with  apiece  of  fine  mus- 
lin. The  uiethod  of  using  the  initrurDent  Is  to  let  a  few  drops  of  good 
etlier  &U  npon  the  muslin  of  the  bulb  A ;  the  qnick  evaporation  <^  the 
ether  cools  the  bulb,  and  the  cold  thus  prodm^  condenses  the 
otherval  vapour  contained  in  the  bulb :  but  the  place  of  the  condensed 
v^Kntris  supplied  by  a  fresh  portion  arising  fttim  the  ether  Inclosed 
in  the  bulb  B,  and  the  temperature  of  thla  latter  bulb  B  Is  reduced  by 
the  act  of  evaporation ;  the  Included  thermometer  bdicates  the 
amoxtnt  of  this  ndnctlon-  Now,  as  the  ether  continues  evaporating 
from  the  mnsUn  of  tlie  bulb  A,  the  condensation  within  A,  and  the 
evaporation  within  B,  with  the  consequent  production  of  cold,  goes 
on,  so  that  the  timperatuie  of  B  continues  falling ;  and,  like  sjiy 
other  cold  body,  it  has  a  tendency  to  Increase  the  deposition  on  its 
Burfece  of  any  moisture  which  may  be  contained  in  the  air ;  the  time, 
or  rather  the  Cemperatnre,  at  which  tiiis  deposition  will  occur,  an. 
tirely  depends  on  the  hygrometric  state  of  the  atmosphere. 

"  In  very  humid  atmospheres  the  thermometer  will  scarcely  have 
lUlen  a  degree  before  a  ring  of  moisture  is  evident  on  B,  CDlodding 
with  the  surfoce  of  the  included  ether,  and  being  the  point  of  lowest 
tempetatnre:  in  dry  atmospheres,  on  the  other  hand,  it  will  be 
necessary  to  reduce  the  temperature  of  the  Included  thermometer  by 
the  continuous  evaporation  of  ether  from  the  covered  bulb,  many 
degrees,  before  the  ring  of  dew  Is  visible.  Now,  the  tcmpersture  at 
wUch  this  ring  of  dew  Is  deposited,  or  the  dae-poinl,  may  be  accu- 
rately read  off  upon  the  Interior  thermometer,  by  observing  the  degree 
■t  which  it  stands  at  the  moment  qf  thrfirtt  appfarante  q?  the  ring  oj 
dfK :  and  this  observation  may  lie  corrected  or  verified  by  again 
observing  the  tempEmtnre  or  durree  at  which  the  ring  of  dew  ruaisaei : 
these  two  observations  seldom  uffer  more  than  a  degree  or  two,  and 
the  mean  may  be  assumed  as  correct ;  for  the  errors,  if  any,  must  lie 
in  opposite  directions.  There  Is  a  second  or  external  thermometer 
attached  to  this  instrument,  which  shews  the  temperature  of  tbe  air 
at  the  time  of  making  the  observatioa  ;  and  the  difference  between 
tlie  two  tbrrmometera  at  that  time  gives  tbe  exact  temperature  re. 
qniitd  for  the  deposition  of  the  aerial  midsture,  or  Is  tlw  dew-pofnt ; 
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be  used  ss  an  hjgronetric  term.  On  one  dw,  Ibr  ImImb,  Ife 
esternal  themiomeCer  hdag  00*,  die  Internal  iell  48*,  befOR  the  liif 
of  dew  appeared ;  on  another  day,  the  atemnl  fhenMmctff  ilnAtt 
6S*,  and  the  internal  had  onW  fidlen  to  64%  when  the  dr».te 
appeared;  here,  thcrefbre,  the  degree  of  drrneaa  might  he  oledlT 
in  the  former,  aiid  2*  in  the  latter  case.  It  is  obvioaa,  then,innan< 
to  thii  initniment,  that  it  fomishea  a  Tory  ready  and  exact  wAd 


for  the  determinatioQ  of  the 

**  By  means  of  the  dew-point  areoratety  aaeertained,*'  Mr.  Da* 
NiBLL  observes,  **  many  pomts  of  the  atmost  interest  to  Aemiol 
ttid  meteorological  science  may  be  determined.  By  mere  ■■«p*»*ii» 
of  tables  propoiy  oonstmcted,  we  can  at  onoe  determine  the  da^ety 
and  density  of  the  aqueous  vapour,— its  weight  in  a  cubic  foot  of  tie 
air, — the  degree  of  dryness,  other  upon  the  thermometric  or  the  bj- 
grometric  scale,  and  the  rate  of  evaporation;  wlientheairissatBmted, 
ti^  precipitation  is  instantaneous,  t.  e.  the  dew-point  coincidet  with  tie 
temperatareoftheair.  In  tliis  country,  the  degree  of  dryness  aim- 
snred  in  tliermometric  degrees  seldom  reaehes  30* ;  that  is  to  say,  the 
dew-point  is  seldom  30"  below  the  temperature  of  tlie  air ;  but  in  the 
Deocan,  vrith  a  temperature  of  90*,  tlie  dew-point  has  been  sees 
as  low  as  29%  making  the  degree  of  dryness  61^ 

"  The  more  aecurate  mode,  liowever,  of  expressing  the  moistiR 
of  the  air  from  an  observation  of  tlie  temperature  and  dew-poiat, 
is  by  the  quotirat  of  the  di\ision  of  the  elasticity  of  vapour  at  the 
real  atmospheric  pressure,  by  the  elasticity  at  the  temperature  of  the 
dew.point ;  for,  calling  the  term  of  saturation  1000,  as  the  elastkity 
of  vapour  at  the  temperature  of  the  air  is  to  the  elasticity  of  \«poQr 
at  the  temperature  of  the  dew -point,  so  is  the  term  of  sa'tuiatioa  to 
the  observed  dejBrree  of  moisture.  Thus,  \tith  regard  to  the  observa- 
tion in  the  Deccan, 

1,430  :  0,194  :  :   1000  :   135. 

**  The  fourth  term  is  the  degree  of  moisture,  or  the  hycrrometric 
scale."* 

NoTK  e.  (rufe  p.  W.) 

A  simple  and  very  effectual  method  of  preparing  a  thin  film  that 
will  endure  for  several  hours,  and  thus  give  ample  time  for  *>itud)ing 
the  order  and  extent  of  the  several  coloured  rings  or  belts  is  thij* : — A 
four  or  six-ounce  vial  is  one-third  filled  with  rain  or  distilled  water, 
and  into  it  is  placed  a  piece  of  yellow  soap,  not  larger  than  a  pea. 
The  contents  of  the  vial  are  now  brought  to  the  boiling  point,  or 
nearly  so ;  and  while,  by  this  means,  all  the  atmospheric  air  is  expelled 
firom  within,  the  vial  is  closed  and  removed  from  the  source  of  nrat ; 
and,  when  cold,  is  ready  for  use.  The  mode  of  using  it  is  to  give  it  a 
short  horizontal  shake  (the  exact  method  of  which  will  be  learned 
firom  a  few  attempts),  so  as  to  form  a  film  across  the  \'ial ;  if  cle\'erly 
shaken,  a  single  film  may  be  obtained.  Such  a  film  is  rarely  quite 
parallel  to  the  horizon,  it  dips  slightly  :  so  that  the  water  Hlo«-ly 
flows  to  the  lower  end  ;  and,  after  a  minute  or  more,  coloured  bands 

*  TMlr  BSAMOs's  IfoMMi;  p.  449.    Also  DAinxLL's  JTiwyf. 
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naka  their  ■.ppeamm  at  the  upper  edge :  these  tnvel  geatlT  ommd, 
and  are  fbDowctl  by  othen :  the  nrlier  belt«  are  uarraw,  the  later  are 
moeh  wider.  The  whole  fUm  is  «oon  ocmpicd  by  the  coloured  helt«  ; 
and  in  dne  conne  they  all  pnu  onward,  and  nuxmiiieljr  disappear 
at  the  lover  edge  of  the  disc.  The  reRpectJ*e  colours  pass  into  each 
other  through  the  interrDcdiate  tiots.  After  the  coloured  belts,  there 
•iTlTes  a  broad  belt  of  white,  which  is  succeeded  by  a  blaek  belt,  that 
terminates  the  phcDOmena;  but  the  transltioii  from  the  white  to 
black  is  sudden,  and  is  distinctly  defined  by  a  straight  line.  Words 
aiv  inadequate  to  express  the  beauty  of  these  tints  when  viewed  by 
nflectcd  light,  or  looked  al :  nor  is  lanifuage  able  to  enumerate  the 
VBTJOus  hues.  When  viewed  by  transmitted  light,  or  looked  Ihrough 
(and  this  re(|uires  a  little  management),  the  eomplemeatary  coloni* 
■re  seen.  I  have  had  a  Elm  of  this  kind  iu  existence  for  ten  or  a 
dozen  hours;  at  the  end  of  which  period,  all  the  coloured  belts  and 
the  white  had  passed  away,  and  nothing  remained  hut  a  black  diK. 
which,  by  traosmitted  light,  was  white. 

Notb/.  (ndep.  149.) 

Tlie  following  description  of  the  actinometer  is  extracted  from  the 
Instructions  pnhUshed  by  the  Boyal  Society  : — 

"  This  instrument  consists  of  a  large  hollow  cylinder  of  glass  sol- 
dered at  one  end  to  a  Ihermomefer-tnbe,  terminated  at  the  upper  end 
by  a  ball  drawn  out  to  a  point  and  broken  off,  so  as  to  leave  the  end 
open.  Tie  other  end  of  the  cyUnder  Is  closed  by  a  silrer,  or  bUtct- 
{dated  cap,  cemented  on  It,  and  furnished  with  a  screw,  abio  of  silver, 
passing  through  a  collar  of  waxed  leather,  which  is  pressed  into  forc- 
ible contact  with  its  thread,  by  a  tightening  screw  of  large  diameter 

aid  of  a  strong  steel  key  or  wrench,  which  accompanies  the  instru- 


the  top  bdOE  purposely  left  full  of  air,  and  the  point  closed  with 
melted  wax.  It  becomes,  in  any  ^veu  posldon  of  the  screw,  a  ther- 
mometer of  great  deUcacy,  capable  of  being  read  off  on  a  divided 
scale  attached.  The  cylinder  Is  inclosed  In  a  chamber  blackened  on 
three  sldea,  and  on  the  fourth,  or  face,  defended  from  currents  of  air 
by  a  tblck  glass  removable  at  pleasun. 

"The action  of  tbe screw  is  to  diminish  or  hicnase  at  pleasure  the 
capacity  of  the  hollow  of  the  cylinder,  and  thus  to  drive,  If  aeeessary, 
a  portion  of  the  liquid  up  Into  the  ball,  which  acts  as  a  reservoir ;  or. 
If  necessary,  to  draw  back  from  the  reservoir  such  a  qnantiCy  as  shall 
just  BU  It,  leaving  no  bubbles  of  air  In  the  cylinder. 

"  I^i  ate  tSt  itulrumtnl.  examine  first,  whether  there  be  any  air  in 
the  cylinder,  which  is  easily  seen  by  holding  it  level,  and  tilting  it, 
when  the  air.  If  any,  will  be  seen  to  run  along  it.  If  there  be  any, 
bold  it  upright  in  the  left  band,  and  the  air  wjf]  ascend  to  the  root  ot 
lb*  tbernuunetcr-tabe.    Then,  by  alternately  screwing  and  unscrew- 


and  mdc  oDwiiBqild«  if  aajt  ftiHitts  WB  toMHiif  IfeiplHi^MttB 
irir  li  cKtirdr  efseMfeed  ftwitiis  c|lMier»  aMoeMtVvWAM 


broikai  eohoui.    llwBt  boUtaig  it 
and  antkmilf  UMrew  the 


*'  The  upper  balh  it  drawn  oak  iato  a  §mm  tabe* 
with  wax.   when  it  it  needed  to  capty , 


meat,  Hqold  nmit  int  he  Ibreed  ap  into  Hhm  haB*  ao  aa  ta 
tiie  air  in  it.    On  war niia|{  the  end,  tte  ^faz  wB  be  ^ 
Umb  ecrew  being  ttea  ttrtattjuaeerewad  and ' 
interior  of  the  inetrament  aajheivaehBd  vitk' 
lated,  and  the  tabe,  baU,  fte.  ckanaed,  in  the 
the  wax  nmit  be  repiarf>d,  and  tte  inetWMl 

^'TomakeoMobaenaiiomwUktke^eimomHa't  the 
BtatSon  himself  in  the  WMihiBe,  or  in  eooe  eihani^ 
ehadow,  lo  that,  without  incoafcnienee,  or  BMtoiafly  altefiag  Hi 
eJtnatlon,  or  the  eipoeore  of  the  taiti-aMeat  in  other  it ipeiU,  he  tm 
hold  itatpleasnre,  eitiicr  inftill  eanor  total  ohadow.  If  pteed  b 
the  snn,  he  nmit  prorlde  Umedf  with  a  eereen  of  paeteboaid  or  tk 
plate,  large  eaoogli  to  ihadetiiewiiole  of  the  kiwerpart,or  efaMdMr 
of  the  instrument,  wliich  should  be  placed  not  Icae  ^an  two  foet 
from  the  instrument,  and  should  be  remorable  in  an  instant  of  time. 
The  best  station  is  a  room  with  closed  doors,  before  an  open  window, 
or  under  an  opening  in  the  roof  into  which  the  snn  smnes  freelj. 
Draughts  of  air  should  be  prevented  as  much  aa  poesible.  If  the 
obeerrations  be  made  out  of  doors,  shelter  from  gusts  of  wind,  and 
freedom  from  all  penumbral  shadows,  as  of  ropes,  rigging,  bnukchcs, 
&c.,  should  be  sought.  Generally,  the  more  the  dbeervcr  is  at  hb 
ease,  with  his  watch  and  writing-table  beside  him,  tlie  better.  He 
should  have  a  watch  or  chronometer  beating,  at  least,  twice  in  a 
second,  and  provided  with  a  second  hand ;  i&o  a  pencil  and  paper 
ruled,  according  to  the  form  subjoined,  for  registennr  tike  obserrm- 
tion.  Let  him  then  grasp  the  instrument  in  his  left  hand*  or.  If  he 
have  a  proper  stand  (which  is  preferable  on  shore  or  in  a  bnUdSng\* 
otherwise  firmly  support  it,  so  as  to  expose  its  i&et  perpendicalariy 
to  the  direct  rays  of  the  sun,  as  exactly  as  may  be. 

"  The  liquid,  as  soon  as  exposed,  will  mount  rapidly  in  tbie  stem. 
It  should  be  allowed  to  do  so  for  three  or  four  minutes  before  the 
observation  begins,  taking  care,  however,  not  to  let  it  mount  into 
the  bulb,  by  a  proper  use  of  the  screw.  At  the  same  time  the  tube 
should  be  caremlly  cleared  (by  the  same  action^  of  all  small  broken 
portions  of  liquid  remainine  in  it,  which  shoula  all  be  <frawn  down 
into  the  bulb.  When  all  is  ready  for  observation,  draw  the  liquid 
down  to  zero  of  its  scale,  gently  and  steadily  ;  place  it  on  its  stand, 
with  its  screen  before  it,  and  proceed  as  follows : — 

"  Having  previously  asceitained  how  many  times  (suppose  20)  the 
watch  beats  in  five  seconds,  let  the  screen  be  withdrawn  at  ten 

*  **  This  mAy  consist  of  two  deal  boards,  eighteen  inches  long,  cooneeted 
by  a  hinge,  and  kept  at  any  required  angle,  by  an  irno  pointed  at  each  cod. 
The  upper  should  have  a  little  rabbet  or  moidding,  fitting  looe^  round  tht 
actinoineter,  to  prevent  its  slipping  off.** 
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■ecoada  before  ■  completa  nuDute  ihewn  by  tlu  watch,  ■nppme  mt 
3^  U"  SO-.  From  SO*  to  S6>,  u;  0,0,0, . . .  at  caclk  beat  ofthe  watcb, 
looking  meanvlule  that  all  Ii  light.  AtSS'  complete,  coniit  0, 1,3,... 
up  to  30  bcata,  or  Co  the  whole  mlautea,  V  1G~  C,  keepiDK  tha 
eye  sot  on  the  wateb,  bnt  on  tbe  end  of  the  riiisg  coliuna  of  liquid. 
At  the  30th  beat  read  off,  and  tegiater  the  resding.  Then  wait 
watching  the  colomn  of  air  aboTc  the  liquid,  to  ■«  th&t  no  blebs  of 
liquid  are  in  it,  or  at  the  opening  of  the  upper  faulb,  which  will  ennae 
tbe  movement  of  the  aaccnding  column  to  be  perfbnned  by  etaitH, 
till  the  minute  ii  nearly  elapsed. 

"  At  the  50th  •econd  begin  to  watch  the  liquid  riiiag;  at  S5' begin 
to  count  0, 1,  3,  up  to  30  besta,  a*  before,  attentively  watching  the 
•''1  of  the  Uqald;    and,   at  the  30th    beat,   or  complete  minute 

>    ___!  _-  __  1  z '-■-'-■'-- -nitmment,  or  with- 

Thea  register  the 
reading  off,  and  prepare  for  the  Bhade  observation.  All  t^  may  be 
done  without  harry  In  30  aeconds,  with  time  also  to  withdraw  the 
acrew  if  the  head  o(  the  column  be  inconveniently  high  in  the  scale, 
which  is  often  required. 

"  At  the  30th  second  prepare  to  observe,  at  the  3Sth  begin  to  count 

beata,  0,  1,  3 30;  and  at  the  30th  beat,  i.  e.  at  3'  16' 30*, 

read  off,  and  enter  the  reading  as  the  initial  shade  reading.  Then 
wait,  as  before,  till  neacly  a  minute  has  elapsed,  and  at  3'  17'  30*, 
agiiu  prepare.  At  n-  35'  begio  to  count  beats  ;  at  IT~  30"  read  off, 
and  enter  this  terminal  shade  reailing,  and  if  needed  withdraw  the 
lero.  kpiao  wait  3D-,  la  which  interval  there  is  time  for  the  entry, 
Sec.  At  17"  60"  remove  the  ecreen,  or  eipose  the  instrument  Id  the 
■on  ;  at  65-  begin  to  count  beat*,  and  at  the  complete  minute,  1 8*  0*, 
read  off,  and  ao  on  for  several  alternations,  lakng  tare  to  begin  and 
end  each  leries  tcith  a  lun  obeercation.  If  the  instroment  be  held  in 
the  hand,  care  should  he  taken  not  to  change  the  incUnntion  of  its 
Biis  to  the  horizon  between  the  readings,  or  the  compressibility  of  the 
liquid  by  its  own  weight  sill  produce  a  very  appreciable  amount  of 

three  son  and  two  shade  observations  intennediale ;  bnt  the  more 
there  are  taken  the  better, 
desiiable  to   contlnae  the   i 

even  from  sunrise  to  sunset,  so  as  to  dedgce,  by  a  gnphical  prajec- 
tloD,  the  law  of  diurnal  increase  and  diminution  of  the  solar  radia- 
tion, which  will  thus  rea^y  become  apparent,  provided  the  perfect 
clearness  of  the  sky  continue — an  indispensable  condition  in  these  ob- 
aenaciona,  the  slightest  cloud  or  haze  over  the  sun  being  at  once 
masked  by  a  dlmjnntion  of  resulting  radiatjon. 

"To  detect  anch  haxe  or  drma,  a  brown  glass  applied befbre  the 
m  la  useful ;  and  by  the  help  of  such  a  glass,  it  may  here  be  notieed 
that  solar  halos  are  very  frequently 

rf  the  sort  U 

"  Itis,  ai  observed,  eaaential  that  the  instrument  be  exposed  a  few 

LUtes  to  the  son,  to  raise  its  temperature  in  some  slight  degree. 

If  this  be  not  done,  owing  to  some  cause  not  very  obvious,  the  fiiit 

'-'  'et  of  observations  (sun,  shade,  ita)  will  give  a  radiation  pereep- 

■  -   -    --    -    -'    ig  will  become  dMInctiy  q '  . .  .— 


triplet 
tiblyin 


le  truth,  as  will  become  diatlnctiy  qnaicot  on  i 
Bnt  It  may  b«  aa  well  for  a  bt^nner  to  o 
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meet  the  i&nt  two  tripkte,  by  wUdi  te  wfll 
au  bis  amwntns  ooBfoiiently  mnagnd,  and 

•*'The  unit  of  MlvradSatloD  to  be  adopted  fa  tta  ■IllBrti 
tUm  of  tbe  actinometric  obterratiaaa  is  the  meUme,  by  wkUk  h 
stood  that  intensity  of  totor  radiatkm,  wfaldb  at  a  wrtiad 
and  soppoeing  it  whoUr  abeoibed,  mmld  eafltoe  to  aidt  oa 
part  of  a  metre  in  thickness,  from  the  sorfhee  of  a  sheet  of  in,  kori- 


sontally  exposed  to  its  action,  per  minate  of  mean  solar  tisM;  batil 

rednctf 


will  be  well  to  resenre  the  rednctiQn  of  the  radiatioas,  ss 

In  parts  ot  the  seale  to  thdr  valaes  in  terms  of  their  nait,  natfl  tk 

final  discussion  ef  tbe  observations . .  • ." 

**  Tbe  actinometer  is  also  well  calenlated  Ibr  BMasufagthe  defltt- 
cation  of  beat  during  sny  considerable  edipae  of  the  saa,  sad  tk 
Committee  wonld  point  out  tins  as  sn  otgect  worthy  of  aWratkia ;  m 
many  eclipses,  invisible  or  inrignifieant  in  ooe  loeality,  are  grest,  ar 
even  total,  in  others.  The  obeenratloaa  shoaldeonsscaeeaa  boar  M 
least  before  the  edipse  begins,  and  be  contfamed  an  hoar  bcyoad  its  la- 
mination, and  the  series  sbonld  be  nnintermpted,  leaving  to  otkofsls 
watch  tbe  phases  of  the  edipse.  The  atmospherie  dt 
should  be  most  carcftdly  noted  daring  the  whole  series." 


Note  g.  {vide  p.  176.) 

The  longitudes  throughout  the  book  are  reckoned  from  tbe  ob- 
8er\-atory  at  Paris,  which  is  2^  20^  15"  east  of  London.  To  coarrrt 
them  into  longitude  from  Greenwich,  add  the  above  value  to  ca«t 
longitude,  and  subtract  it  from  west. 


Note  h,  (vide  p.  239.) 

The  scale  of  English  barometers  being  divided  into  inches  sad 
dedmals  of  inches,  and  that  of  the  French  into  millimetres,  it  were 
well  to  have  a  mental  process  by  which  we  can  readily  obtain  appron- 
mate  ideas  of  the  number  of  inches  contained  in  any  given  quantity  of 
millimetres.  We  have  given,  in  the  introductory  note  (p.  639),  and 
on  the  table  which  accompanies  it,  the  actual  value  in  English  inches 
of  each  unit  of  millimetres.  These  values  may  be  used  for  con- 
version.s  in  the  manner  described  in  the  note  ailuded  to.  But  for 
rough  estimates,  we  may  avail  ourselves  of  two  or  three  approximate 
general  relations.  For  instance,  the  standard  height  m  the  baro- 
meter, for  certain  comparative  operations,  is  ^ven  as  30  inches ;  this 
corresponds  to  762  millimetres.  An  inch  of  mercury  corresponds  to 
25,4  millimetres :  and,  therefore,  one  millimetre  is  equal  to  about 
one-twenty  •fifth  of  an  inch. 

As  the  height  of  the  mercurial  column  is  always  represented  by 
several  hundrnl  millimetres,  it  would  involve  too  much  error  to  mdopt 
the  value  one- twenty -fifth  of  an  inch,  without  including  a  means  of 
reducing  this  error  to  a  minimum.  The  following  j^anU  sufficiently 
simple,  and  will  answer  for  ordinary  purposes :    The  height  of  the 
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mercnrial  column  beiag  ^len  in  milUmetres,  find  the  dilTennix  b«- 
tmrn  the  gi<en  height  ud  the  standard  height  of  763  miUimetm ; 
divide  this  difference  by  twenty-Sve,  or,  which  unmmts  ta  the  ume 
thing,  multiply  it  by  four,  acid  point  off  two  figures  for  dedmal*. 
ThcD,  u  the  caae  may  be,  dther  odd  tliii  difference  to  30  inches,  or 
■abtract  it  from  that  staDdard  height. 


7S6"'  =  7fi2  +  4  =  30  In.  +  ,16  in.  =  30,16  in. 

The  true  valneli  30,157  In. 
681""  =  762  -81  =  30  in.  -3,34  in.  =  16,76  in. 

The  true  value  ii  36,S1  in. 
^^g^"•'  -  761  +  17  -  30  in.  +  ,68  in,  =  30,68  in. 
The  true  Talue  ia  30,66s  in. 
These  reialta  are  nearer  to  the  true  valuea  in  proportloa  as  the 
differences  are  less  ;  it  will  be  found  that  a  <Ufference  of  eigbty  pro- 
duces a  result  difl^riag  Trom  the  truth  hy  about  one-twenty 'fifth : 
•o  that  by  caUlog  80,  79,  and  160,  laB,  ttie  rule  may  become   atill 
■nore  accurate ;  ai,  for  instance  :^ 

603""  •  763  - 160 

Call  this  763  — ISe  =  30  in.  -G,33  in.  —  13,68  in. 

The  true  value  Is  13,70  In. 

nay  require,  the  standard 


Note  i.  (ndc  p.  33S.} 

The  electricity  of  the  atmosphere  is  a  branch  of  meteorology, 
which  has  been  cultiTsted  on  no  settled  and  systematic  manner  until 
the  present  time.  Indeed,  the  obscrvatioas  that  have  been  nmde  at 
the  kew  Obaervatory,  a  description  of  which  it  is  our  present  purpose 

wtiose  whole  time  end  talents  appear  to  be  enthusiaiticBlly  devoted  to 
perfecting  them,  says,  in  the  Report  submitted  to  the  British  Associa- 
tion at  the  meeting  at  York  (IB44),  that  they  must  be  r«tber  regarded 
as  eipcrimenlal  and  educational  than  niherwise.     As  the  admirable 

of  others,  we  will  give  them  in  ietail ;  ai  _        , 

Ulustration  and  general  instmction,  the  JouniBl  fbr  the  first  fort- 
ni^t  ot  the  month  of  August.  The  Report  of  the  Aasodation  read 
si  Cork  (1M3),  saTB,  "The  Committee  has  paid  more  immediate 
attenticni  to  this  subject  on  account  of  its  importance  in  connexion 
irith  the  system  of  simvltoseous  magnetic  and  meteorological  obser- 
vadoos  now  making  on  various  points  of  the  earth's  surface,  in  the 
recommendadOD  of  which,  the  Aswciatiou  has  taken  so  prominent  a 
put.  Hitherto,  electrical  phenomena  have  been  Uttle  attended  to  at 
these  cAservatoriee,  from  tiie  want  of  knowing  i 
recommend  for  the  purpose,  and  how  to  interpret 
ftOaoM.    This  want,  the  Committee  haa  ever;  n 
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shortly  be  supplied,  and  arrangements  be  made  for  reeotdinff  the 
electrical  changes  of  the  atmosphere  at  the  Tarious  stations,  iriu  the 
same  r^^ularity  and  accuracy  as  the  other  meteorolorical  phenomena.*' 

The  observatory  was  erected  by  Sir  William  Chambers  for  his 
Majesty  George  III.  about  1780;  it  is  on  a  little  promontory  fai  the 
Old  Deer  Park,  Richmond,  and  about  724  feet  from  the  lliames. 
The  nearest  trees,  which  are  at  some  considerable  distance,  are  thir- 
teen feet  lower  than  the  top  of  the  conductor,  that  we  shall  have 
presently  to  describe. 

The  room  at  the  summit  of  the  building,  formerly  employed  as  the 
small  equatorial  apartment,  is  now  the  prindpal  electrical  observatory: 
it  is  of  wood,  dome-shaped,  and  covered  with  sheet-copper.  Through 
the  centre  of  the  dome  a  circular  aperture  has  been  cut,  into  which 
is  fitted  a  smooth,  mahogany-varnished  cylinder. 

The  principal  conductor  or  collector  of  electricity  enters  the  atmo- 
sphere through  this  aperture ;  it  consists  of  a  conical  tube  of  thin 
copper,  sixteen  feet  high,  screwed  into  a  strong  brass  tube ;  the 
copper  part  is  without^  and  the  brass  within,  the  buDding;  the 
height  of  the  apex  is  eighty-three  feet  above  low-water  mark.  An 
inverted  copper  dish  or  parapluUt  with  a  smooth  ring  on  its  edge,  is 
fitted  by  a  collar,  &c.  upon  the  rod,  in  order  that  rain  may  not  enter 
by  the  aperture  of  the  dome. 

Within  the  apartment  is  a  circular  pedestal  table,  supporting  at  its 
centre  a  well-annealed  glass  pillar,  the  lower  end  of  which  is  hoUow 
and  tniinpet-shaped ;  and,  being  ground  flat,  it  is  firmly  fixed  to  the 
table  by  eight  strong  bolts,  passing  through  it  and  the  table.  The 
brass  part  of  the  conductor  (four  feet  in  length)  is  firmly  fixed  to  the 
upper  end  of  the  elnss  pillar.  This  pillar,  with  its  conductor  of 
twenty'  feet  in  length,  has  been  found  to  resist  pales  that  were  strong 
enough  to  blow  down  large  trees  in  the  neighbourhood  ;  in  order  to 
decrease  the  probabilities  of  breaking,  collars  of  leather  are  interposed 
where  practicable  between  the  glass  and  the  table,  &c.  The  hollowed 
portion  of  the  pillar  is  of  prime  importance  for  the  purposes  of  obtain- 
ing perfect  insulation :  a  copper  cone  is  fitted  within  this  cavity ; 
a  piece  of  leather  being  interposed  at  the  apex,  and  beneath  the  cone 
a  small  night-lamp  is  kept  constantly  burning  for  the  purpose  of 
warming  the  glass  rod.  Now,  by  this  arrangement,  the  higher,  and 
consequently  more  distant  parts  of  the  glass,  are  not  so  raised  in 
temperature  as  to  prevent  the  deposition  of  moisture  from  the  atmo- 
sphere, XNith  the  attendant  loss  of  insulation  ;  and,  again,  the  lower, 
and  consequently  nearer  parts  of  the  rod  are  so  highly  heated  as  to 
become,  in  a  measure,  conductors ;  but  between  these  there  always 
exists  some  zone,  in  the  best  possible  sbite  of  temperature,  in  refer- 
ence to  existing  circumstances,  for  insuring  perfect  insulation ;  and 
experience  has  shewn  that  this  is  actually  the  case.  On  the  upper 
end  of  the  conductor  were  formerly  soldered  two  fine  platinum  wires ; 
but  these  are  useless  as  collectors,  beside  the  means  now  adopted. 
The  collector  is  an  ascending  stream  of  heated  air  from  a  small 
lantern,  about  six  inches  in  height,  and  two  and  a  half  in  diameter ; 
being  a  simple  chaml)er-lamp,  covered  with  a  fitly  roofed  tin  cylinder. 
It  is  raised  by  a  cord,  passing  over  a  pulley  at  the  apex  of  the  con- 
ducting-rod,  and  descending  within  the  conductor  to  a  red  inside  the 
brass  portion  a  little  above  the  table  :  it  is  trimmed  every  six  hours. 

Where  the  conductor  is  attached  to  the  pillar  is  a  spherical  ring, 
which  carries  four  arms  at  right  angles  to  each  other.    The  arms  ar* 
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a  tbc  ling  fa;  mean*  of  a  atroDg  iron  screw  and  plug;  sad 

it  their  further  eitieiaities  they  each  gnpport  a  ball,  Sied  by  ineBna 


A  cylindrical  plug  slidta  accurately  inti 
*■  -  -'--  ■■nng-Bcrcw,  wiucb  mea  thniug 

Lt  papHiug  through  both  the  bali  aad  the 


ud  ia  famiahed  with  a  datapiDg-screw,  which  eoef 
*      ■'        jhbotl 


pliUi  tAa  be  firmly  clamped  in  auy  required  poaitioDT  without  being 
ga£d.  One  or  the  chief  objects  la  this  amingtmeaC  la  to  ItisulBte 
the  condnctor  and  the  active  parta  of  all  the  electrometera  by  one 
common  inaulation,  viz.  the  glaaa  pillar  ;  and  this  is  accompU^bed 
bf  the  peculiar  modifications  made  in  the  aevcial  iaatmmenta  that 
vre  have  Dov  to  describe. 

Two  Volta's  straw  electrometer!,  of  the  fbllowing  canatmclian, 

aaUy,  is  furnished  with  thin  plaU'glaas  at  the  back  and  front  only, 
the  former  being  ground  to  semi-transpaitacy  ;  behind  the  latter 
plate  la  an  ivory  tcale,  the  upper  cdg^  of  which  ii  an  arc  with  B 
radius,  eorrespouding  to  that  of  the  atraws,  i,  r.  two  Paris  inches. 

The  scale  of  the  instrument,  No.  1,  coonta  single  degrees  ;  and 
each  decree  of  No.  2  corresponds  to  5°  of  No.  I.  The  straws  are 
snspmded  by  fine  hooiis  of  copper  «ire  to  the  brass  rod  of  the  instru. 
ment:  the  rod  terminates  above  in  a  ring  for  saspension,  with  a 
knife-edge  fitted  accurately  to  a  notch  in  one  of  the  cross-arms  of  the 
ctmdDCtar.  This  rod  passes  through  a  glass  tube  covered  with  seal- 
ing.wut,  and  fiied  into  the  brass  cap  or  cover  of  the  electrometer  : 
the  eorer  is  oat  fixed  to  the  instrument ;  but  when  the  rinft  is  sus- 
pended on  the  crosa-arm,  and  the  baae  of  the  electrometer  is  placed 
on  •  little  pedestal  provided  for  it  beneath,  the  cover  is  lifted  perhaps 
half  an  Indi  above  the  instmment,  and  so  renuuns  freely  suspended 
with  Its  straws  on  the  insulated  system  itself,  and  thus  Ix  not  de- 
pendent for  insulation,  as  in  the  ordinary  instrument,  on  the  mere 
glass  shade  in  which  the  straws  would  be  saapcnded  ;  and  as  the 
under  sniface  of  the  cap  or  cover  is  insulated  tiom  the  case  of  the 
{jutmmeDt  by  varnish,  the  instrument  can  be  suspended  from  the 
CRBS-arm,  or  removed  without  disturbing  the  electricity  of  tbe  gene- 
ra] system.  To  the  pedestal,  on  which  the  base  of  the  electroscope  is 
placed,  Is  attached  an  aim  one  foot  long,  hearing  a  sight-piece,  capa- 
ble of  ac^natmcnt,  for  viewing  the  scale  and  straws  properly. 

One  of  HKNLIV'a  electrometers  with  Vdlta's  improvements  Is 
used:  it  Is  supported  on  the  conductor  by  aJittlr  tube,  passing  through 
■  elampiog  ball  aad  plug  as  before,  which  ball  is  clamped  at  right 
angles  to  tbe  axis  of  a  couiral  arm  \  the  zero  of  the  scKle  can,  there. 
lore,  be  accurately  ai^nsted  to  coincide  «itb  the  girndulum  when  in  its 
normal  state  ;  and  the  pendulum  can  be  made  to  rise  la  a  plane  eut- 
tiog  theajiis  of  the  conductor  toward  which  the  instrument  is  turoed; 
thMe  are  essentia]  conditions.  This  instrument  is  seldom  used  iti 
the  obsenatloDS  until  Volta's  electrometer.  No.  1.  has  risen  above 
90°  in  terms  of  No.  I ,  that  is,  above  1  B°  of  itself.  But,  as  the  un. 
certainty  and  difficulty  of  measuring  high  te 


imtlo.  owing  to  scTcral  canaes,  lea: 
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«  placed  in  the 

values  given  by  this   inatmnient 

,  according  to 
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by  Professor  WHEAT8T0SE,  and 

promises  to  become 

the  nucleus  of 

facta  :  It  has  not  been  mccesifuUy 
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applied  inlowiatensltieB;  Imt  wtthM^  teufaot,  tke  ■eeAahm 
been  gtruBgiy  alleeted.  Of  tbis  laatnuMMtat,  3Ir.  Rovalm  mp, 
**  Hie  galTanometer  in  some  iinpioted  fena*  woald  peckifi  f^l^ 
that  great  deskkntom  in  atmnaphfiic  cWlikHj, — n  aens  «f  r 
tins  ue  dyiMMir  eifects,  wUdi  are,  jporfaapSv  eo-inddcBk,  if  aot 
tied,  with  tlic  piupetty  diacoveicd  bwBbccakia,  and  crikd  If] 
'  FieqQcncyv* — a  property  of  gieast  fwiportaacc  poaaOdj, 
sidcred  in  relation  to  tiie  vaiioui  opimons  and  thraries 
bieen,  or  tftill  are,  entertained,  conocndnrtfae  natonl  ageMjofi 
spheric  electridty  in  vegetation,  aaiBBi  Hfe,  the  mapaetaa  of  ihi 
cartii,  anrora,'*  &c.  fVegaaiey  is  a  tcnn  vaed  in  lelfeieaa  to  tie 
time  reqoiTed  by  the  condnctor  to  leco^ei  a  diarge  after  it  !■§  kea 
discbarged. 
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arms  of  tbe  conductor;  imme^atdj  bencattt  is  tlw  baD  of  tke  ^ 
charger,  also  placed  on  a  short  vertical  rod,  to  which  a  vtrtol 
motion,  by  an  arrangement  like  that  of  the  pistoB-rod  of  a 
ensine,  can  be  giren  by  means  of  a  alasa  lever.  This  rod  a 
index,  which  exhibits,  on  a  proper^  gtadoated  scale,  the 
between  the  baDs  in  crery  porition.  The  <kgiMa  of  the 
are  of  cookic  not  cqnal;  bnt  each  one  indieatcs  an  exart  tacntirtfc 
of  an  inch  in  the  length  of  the  spark.  A  toterabhr  near  approii- 
mation  is  oh<er\'ed  )>etwrcQ  the  lengths  of  sparks,  as  taeasund  by 
this  in«^tniment,  and  the  degrees  of  tension  exhibited  by  the  Hexl£Y*s 
electrometer.  The  bwe  of  this  instrument  is  in  intimate  coanexiov 
with  a  riband  of  lead,  that  leads  a^-ay  to  the  gutters  and  pipe^  of  the 
bnUding.  and  !^o  into  the  earth :  the  bases  of  the  other  instruments  are 
likewise  in  connexion  with  the  same  «ystem. 

A  Bennett's  cold-leaf  electroscope  b»  sometimes  used  for  disco- 
vering the  length  of  time  that  has  elapsed  between  the  alteration?  in 
kinti  of  electricity  during  rain,  5cc. ;  and  rery  rarefy  for  ascertaining 
whether  the  conductor  was  charged  or  not  on  other  occasions. 

A  Jistin^iisher  for  determining  at  any  moment,  excepting  irith 
\-cr>'  low  trnsions,  the  nature  of  the  charge  of  the  condnctor,  is  tha* 
constmctc'I :  A  wire  terminating  in  a  ball  is  fixed  into  a  bra5s  tube, 
over  tbe  brass  tube  is  placed  one  of  very  thin  glass  ;  a  shorter  brass 
tube  is  placed  outside  the  tube  of  glass,  leaving  three-foorths  of  aa 
inch  at  each  end  uncovered  ;  the  uncovered  part  is  coated  with  «<ralin£- 
wax  melted  on :  this  arrangement  is.  in  fact,  a  little  Leyden  vial. 
Thus  prepared,  it  is  inserted  through  the  cover  of  a  jar.  and  furnished 
with  two  eold  leaves,  so  short,  that  they  ^-ill  not  strike  against  the 
sides  of  the  jar  at  their  greatest  distension.  The  cover  of  the  jar  is 
varnished.  This  distinguL«her  is  charged  every  morning  with  nega- 
tive electricity,  and  never  fiuls  to  retiun  a  good  charge  for  twenty -four 
hours.  When  used,  it  is  taken  from  the  shelf,  where  it  stands  ready 
at  hand,  and  is  held  toward  the  conductor :  if  the  charge  is  positi^'C. 
the  leaves  of  the  distingnisher  begin  to  collapse :  if  negative,  their 
divergence  increases.  The  ad\'antage  of  this  mode  of  distinguishing 
is.  that  the  operation  can  be  performed  without  bringing  the  instm- 
ment  into  contact  with  the  conductor ;  and,  consequently,  without  ia 
any  \t-ay  altering  its  tension,  or  injuring  the  gold  leaves,  however  high 
the  charge  may  be. 

An  eltctrograpk  of  the  kind  first  proposed  by  Laxoeiavi,  aad 
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■Inct  by  BiNNiTT,  Gr.RSDOKr,  &c.,  taut  of  vhich  do  paitlcnlani  were 
publblicil  before  the  year  IB24,  hu  iilaa  been  employed  for  ascertala- 
lag  roughly  the  nightly  ctaang«  of  the  rod.  A  tin-plate  is  carefully 
conted  with  a  surface  of  ahell  lac,  aa  fmc  ^m  air-bubble  flawa  and 
incqualitiea  aa  poaaible.  Thia  ia  placed  on  a  triangular  fnnit 
c&rried  round  horizontally  by  the  hour  arbor  of  a  atroug  time-pieve. 
A  bent  lever,  the  fulcrum  of  which  ia  bekm  the  centre  of  gravity,  is 
supported  by  a  cross-arm  of  the  conductor,  and  one  end  rests  lightly 
OD  the  resinous  surface  while  it  revolves.  TTie  plate,  conaeijucntly, 
becomes  electrised  in  and  near  the  line  of  contact  to  an  intensity  pro- 
portionate to  the  charge  of  the  conductor.  After  the  disc  baa  re- 
dock,  a  piece  of  chalk  is  held  over  It,  and,  being  rubbed  by  a  bnuh, 
the  powder  1b  alloHed  to  fall  ou  the  disc.  Ou  shaking  off  the  snper- 
&IIOU3  powder,  the  rest  adheres  to  the  electrised  part  (like  Lichten- 
BBKG'e  figures),  and  a  graphic  eihibitiuo  of  the  electric  tension  is 
exhibited-  The  hours  at  which  the  various  parts  of  this  figure  passed 
under  the  conducting  point  are  carefully  noted  on  the  circumference 
of  the  disc.  Negative  calotypca  of  sume  of  these  discs  have  been  suc- 
ccss^lDy  taken  by  Mr.  Collen,  who  says,  that  in  a  single  morning 
many  positive  pictures  might  be  taken  from  these ;  so  that  a  sort  of 
pfctorial  register  of  atmospheric  electricity,  of  serene  weather  at  least, 
might  be  speedily  circulated  among  metenrolagisU. 

Another  arrangement,  which  appears  to  be  in  constant  operation 
for  night  registering,  is  the  following :  An  insulated  vertical  rod,  with 
appendages  in  connexion  with  the  conducting  system,  is  carried  by 
the  arbor  of  a  time-piece  ;  it  supports  horizontal  arms.  Near  this 
inatnunent  are  three  VoLt  A^a  electroscopes,  so  placed  that  each  shall 
be  touched  by  the  revolving  arm,  and  receive  a  charge  at  a  determinate 
hoar.  The  charge  la  retained  till  morning  with  a  triiling  liias,  for 
which  an  allowance  is  made  of  so  much  per  hour,  when  the  divergence 
of  the  leave*  is  measured  and  the  value  entered  in  the  book. 

Of  the  other  instruments  of  the  Observatory,  some  have  been  al- 
ready described  in  this  volume  ;  on  the  others  we  may  say  a  few 
words.  The  tone  carries  round  with  it  a  ring  on  which  the  winds  are 
marked  ;  Afixtd  index  points  to  the  wind  that  blows  :  the  instrument 
can,  therefore,  be  read  more  conveniently  and  with  greater  accuracy. — 
LtND'B  anemometer,  mentioned  in  the  last  column  but  two  of  the  table, 
B59.  &c.,  is  akind  of  siphon -shaped  tube,  one  ana  of  which  is  furnished 
with  aa  open  mouth  for  exposure  to  the  wind  ;  it  is  filled  with  water, 
till  the  liquid  in  each  arm  stands  at  the  zero  of  an  attached  scale  ; 
and,  when  the  month  is  exposed  to  the  wind,  the  liquid  rises  in  one 
arm  and  falls  in  the  other.  "The  sum  of  the  two  is  the  height  of  a 
column  of  water,  which  the  wind  is  capable  of  sustaining  at  the  time ; 
Add  cvtTy  body  that  is  exposed  to  that  wind  vtil  be  prcsacd  upon  by 
a  force  equivalent  to  the  weight  of  a  column  of  water,  having  its  base 
cqnal  to  ue  surface  that  is  opjiosed.  and  its  height  equal  to  the  altitude 
Of  the  column  of  water  sustained  by  the  wind  in  the  wiud. gauge."* — 
The  4<iI«aMoji™™e/*r  is  described  by  Mr.  Ronalds  aa  the  child  of 
oeeea^h ;  for  no  other  meazis  were  adequate  to  measure  the  force  of 
Tety  light  breezes,  which  are  quite  as  important  to  tltclra-mtlrorologg 
as  stufbreezea,  and  even  more  so.  On  one  arm  of  the  balance-beam 
scale-pan,  and  ou  the  other  is  erected  a  light  deal- 

•  Pitfe  Royal  Society's  lutmeUaw,  p.  Tt. 
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board  exposing  a  aqnara  foot  to  the  wind.  The  force  oC  the  wind 
acting  upon  this  board  is  estimated  by  the  weights  -which  must  be 
pla^  in  tiie  scale  to  retain  it  in  its  normal  position.  Hie  parts  not 
to  be  acted  on  by  the  wind  are  protected  by  a  screen  attached. 

These  descriptions  are  correct  to  the  month  of  October,  1844, 
when  tiie  author  last  -visited  the  Observatory ;  they  are  chiefly  drawn 
from  Prof.  Whratstonk's  Report,  read  at  the  dork  meeting  of  the 
Association  in  1843 ;  and  from  Mr.  Ronalds's,  read  at  the  York 
meeting  in  1844  ;  and  fitmi  the  author's  personal  observation. 

A  few  words  are  necessary  in  explanation  of  the  following  table, 
illustrative  of  the  manner  in  which  the  observations  are  recorded. 
In  the  column  timk,  SR  means  na-me;  SS,  nm-«e/.  In  Electri- 
city, under  kind,  P  and  N  mean  jMfi/tpeand  negatwe.  Under  peri- 
odical OBSE&yATioNS,  to  the  right  of  the  degrees,  V  and  H  re- 
spectively indicate  VoUa*$  and  Henky*$  electrometers ;  the  letter  D, 
which  sometimes  appears,  indicates  the  striking  distance,  or  length  qf 

S^rkj  in  inches.  Ine  other  columns  of  the  tame  explain  themselves, 
n  DAYS  OF  STORM,  of  whlch  Several  occur  in  the  period  we  have 
selected,  continuous  and  multiplied  observations  are  made:  these 
observations  are  printed  en  nuute  in  the  Storm  Papen  which  follow 
the  table ;  of  which  we  have  given  that  of  the  last  day  of  July,  and 
those  from  the  beginning  to  ue  14th  of  August  inclusive. 
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Arrangements,  of  the  same  nature  as  tliose  at  Kew,  have  been 
made  under  the  directifm  of  the  Astronomer  Roval,  at  the  Grem^ridi 
Observatory.  They  are  thus  alluded  to  in  the  Report  read  at  the 
annual  visitation,  June  1,  1844  : — 

"  In  the  autumn  of  last  year,  I  had  an  opportunity  of  examining 
the  beautiflil  arrangements  of  the  atmospheric  electrometer  at  the 
Kew  Observatory,  vdiich  have  been  made  under  the  superintendence  of 
Prof.  Wheatstone  and  Francis  Ronalds,  Esq.  It  was  impos- 
sible to  see  these  without  perceiving  that  considerable  improvements 
might  be  made  in  our  own,  by  foUovring  the  same  plan,  with  sudi 
alterations  as  the  differoice  of  local  circumstances  rendered  necessary. 
The  form  which  I  have  adopted  may  be  generally  described  as  follows : 
Two  iron  rods  are  suspended  from  the  top  of  the  mast  to  the  ground, 
and  are  kept  in  a  state  of  tension  by  weights  hung  in  a  pit.  These 
rods  serve  as  guides  to  a  travelling  frame,  which  carries  a  copper  rod 
supported  on  a  glass  cone.  A  lunp  is  placed  bdow  the  glass  cone 
to  keep  it  warm  and  dry ;  and  another  lamp  is  attached  to  the  top  of 
the  copper  rod  to  coUect  atmospheric  dectridty.  The  frame  is 
lowered  twice  every  day  for  trimming  the  lamp,  and  is  then  raised 
again ;  this  operation  is  effected  with  a  windlass  and  rope.  The 
wire,  by  which  the  dectridty  is  conducted  from  the  copper  rod  to  the 
dectrometers  within  the  building,  is  kept  in  tension  by  a  lever  with  a 
weight  at  one  end,  which  also  serves  for  the  dectiic  conduction. 
During  the  operation  of  lowering  or  raising  the  frame,  a  self-acting 
reel  (driven  by  a  wdght)  coils  up  or  ddivers  the  wire,  which  is  then 
detached  from  the  lever.  The  metallic  apparatus  within  the  building 
is  supported  by  a  glass  rod,  whose  ends  are  maintained  in  a  state  « 
warmth  and  dryness  by  small  lamps.  The  electrometers  are,  the  dry- 
pile  apparatus  (mentioned  in  the  Keportof  last  year),  three  expansion 
electrometers,  and  one  Henley^s  dectrometer ;  there  is  also  an  ap- 
paratus for  measuring  the  length  of  sparks.  Judging  frt>m  the  long 
time  through  which  the  apparatus  will  preserve  a  trifling  charge  of 
atmospheric  dectridty,  I  concdve  that  its  insulation  is  nearly  per- 
fect ;  yet,  from  some  unknown  cause  (not  improbably  the  proximity 
of  lofby  trees) ,  the  indications  are  much  less  constant  than  those  at  the 
Kew  Observatory. 

**  The  galvanometer  seems  to  be  effected  not  more  than  once  ot 
twice  in  a  year.    The  induction  copper  ball*  gives  no  certain  result. 

*'  The  Osler*s  anemometerf  performs  well,  except  in  the  regis- 
tration of  the  pressures,  and  the  ordinary  light  winds. 

*'  At  the  last  visitation,  the  Board  of  Visitors  recommended  to  the 
Board  of  Admiralty  the  erection  of  a  Whewell's  anemometer. ^ 
The  Lords  of  the  Admiralty  immediately  assented  to  this,  and  an  in- 
strument of  this  class  was  mounted  in  the  last  summer.  With  some 
amall  refittings  it  has  worked  extremely  well.'* 


Note  k.  {vide  p.  336.) 

An  apparatus  is,  by  this  time,  completed  at  Kew,  for  collecting 
the  dectridty  from  rain.     It  consists  of  a  lai^  metal  fiinnd,  sup- 

«  Fttfr  Peltier's  Experiments,  Note  E,  p.  493. 
t  r^Notey.  tibid. 


Kxd  on  ■  holloved  glus  rod,  flcted  up  with  the  copper  tube  sod 
p  for  prcHTTing  iiuulatioD.     It  will  be  exposed  to  the  heavrm  on 
Out  leads  of  the  OtnerratorT. 
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ekctridtT  of  ^uenl  iltam  and  q, 
Smeriimfiital  Ratanlia  on  the  nnting  causes. 

when  high-iiTcasure  steam  la  allovcd  la  escape  nnder  favourable 
dreamstances  from  a  nairDw  jet,  tbe  fghiml  rapoar  corresponds  to 
the  glass  plate  of  an  elcctricBl  machine,  and  the  Jrl  to  tbe  rubber. 
Under  these  drcumstancca  tbe  vapour  is  highly  positive,  and  the  jet 
■nd  EttachHi  boiler  negative.  Dry  steam  produces  no  electtiiity  :  it 
Is  therefore  neceasanf  ao  to  arrange  the  jet  that  tbe  steam  shall 
become  pBrtially  condensed  before  It  reaches  it ;  so  that  tbe  steam 
may  be  regarded  as  the  motive  power,  or  mechanical  means,  by 
which  the  watery  particles  are  mbbei  a^nst  the  jet.  If  these  par- 
ticles cou^t  of  water  that  has  been  rendered  condueteoua  by  the 
preaenee  of  cettsJa  chemical  agents,  they  refuse  to  become  eicited, 
and  are  just  In  tbe  condition  of  a  glass  tube  that  is  rubbed  with 
mdat  flannel ;  it  discharges  as  fast  as  It  ctiarges.  The  quantity  of 
electridty  defiends  j^reaUy  on  tbe  character  ri  the  jet  or  rubber : 
of  thirty  snbetances,  tried  by  Fakaday,  all  rendered  the  steam 
podtiie,  although  In  various  degrees  ;  quill  and  ivory  have  very  feeble 
powers ;  the  metals  are  better ;  but  hard  woods  have  the  greatest 
exciting  power.  Experience  has  now  shewn  that  small  cylinders  of 
partridge  wood,  secnred  in  the  jet,  form  the  best  rubbers.  If  grease, 
or  rtaln,  or  oil.  Is  made  to  pass  off  with  tbe  watery  particles,  tbe 
eflneat  steam  becomes  oegallYe.  and  tbe  Itoiler  positive  ;  for,  nnder 
those  drcumstancca,  tbe  aqneous  particles  become  enfilmcd,  and 
the  rubbing  surface  is  virtn^y  oil  or  resin ;  and  tbe  pbenonuoa  cor- 
respond  Co  a  stidi  of  sealing-wax  rubbed  against  flannel. 

These  views  of  tbe  fricQon  of  watery  particles  are  still  farther 
illnstrated  by  the  encape  of  condensed  air.  Fahadav  con- 
densed air  in  ■  strong  copper  globe.  When  he  allowed  common 
Hndried  air  to  escape,  tbe  cooliog,  constqueot  on  its  expansion, 
condensed  the  moisture  it  contained,  and  the  rush  of  air  rubbed  the 
aqueous  particles,  and  produced  an  electrical  excitation  exactly 
■imilar  to  that  produced  by  effluent  steam.  But,  when  be  adopted 
chemical  means  of  drying  the  air  while  it  was  within  tbe  globe, 
and  then  allowed  it  to  escape,  it  was  reduced  to  the  condition 
of  dry  steam,  and  was  perfectly  Inactive.  This  new  source  of  elec- 
tricity led  me.  when  recenUy  reviewing  the  subject,  to  make  the 
follovring  observations ;  the  truth  of  which  can  only  be  tested  when 
we  have  obtained  a  more  close  insight  Into  these  matters  than  we 
at  preaent  possess : — 

"As  the  friction  of  watery  particles  is  a  discovery  only  jost 
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matured,  the  idea  has  not  yet  occmred  of  indu^Kng  it  in  the  inrcs- 
tigation  of  atmospheric  electricity.  Though  the  present  state  of  our 
knowledge  does  not  justify  ns  to  hazard  an  answer,  yet  we  are  odled 
on  to  propose  the  question.  Do  the  watery  particles  with  which  the 
atmosphere  is  chai^ged  acquire  positive  electricity  as  they  are  mhbed 
by  the  wind  against  the  earth,  and  all  it  sustains,  as  hiUs,  rocks, 
trees,  &c.  in  Uie  same  manner  as  the  stream  of  steam  and  water 
becomes  positive  by  rubbing  against  the  jet  ?  If  so,  what  omnezion 
may  not  be  traced  between  the  hurricane  winds  of  the  tropics  and 
the  prevailing  lightning-storms  with  which  those  regions  abound? 
Does  the  friction  together  of  two  currents  of  air,  charged  to  different 
degrees  with  moisture,  devdope  the  two  electrical  states  ?"* 

Note  m.  (tide  p.  337.) 

We  would  direct  the  attention  of  the  reader  to  M.  JP^ltixr's 
views  of  this  matter,  given  in  Note  £  of  the  First  Appendix. 

NoTX  R.  {vide  p.  342.) 

The  most  extraordinary  instance  on  record  of  an  dectrieal  fog  is 
given  by  Mr.  Crosse,  of  Broomfield.  Before  repeating  his  descrip- 
tion, it  will  be  necessary  to  describe  his  arrangements  for  coUecting 
atmospheric  electricity.  Poles  are  fixed  on  some  of  the  loftiest  trees 
on  his  estate.  Cylindrical  vessels  of  copper,  with  insulating  elass 
rods,  cemented  within,  are  raised  to  the  summit  of  these  poles  by  a 
cord  and  pulley.  The  funnels  hang  bottom  upward,  so  that  the  ^ass 
rod  is  protectMi  from  rain  ;  to  its  lower  end  is  fixed  a  cap  and  staple: 
to  this  staple  a  copper  disc  is  hooked  on,  by  a  wire  passing  throng 
its  centre,  so  as  to  be  about  four  inches  from  the  mouth  of  the 
cylinder ;  the  other  end  of  the  wire  forms  a  second  hook.  An  ex- 
ploring wire  is  extended  from  pole  to  pole,  and  is  secured  by  these 
hooks.  Wind  had  disturbed  the  arrangements  so,  that  at  present 
the  length  does  not  exceed  1600  feet;  but  Mr.  Crosse  is  now  i^ut 
to  make  a  very  considerable  increase  in  the  length.  A  stout  note, 
furnished  vatYi  an  insulating  cylinder  (or,  as  he  terms  xtffunmdS^  is 
erected  outside  his  electric^  room ;  this  funnel  forms  the  termina- 
tion of  the  exploring  wire,  and  from  it  a  stout  wire  conve3rs  the 
electricity  through  the  window  to  a  large  brass  ball,  from  which  it  is 
led  to  an  Insulated  brass  conductor.  Arrangements  are  made  for 
employing  the  electricity,  or  for  carrying  it  away  with  safety.  This 
apparatus  is  alluded  to  in  the  following  description  of  an  electric 
fog:— 

^*  Many  years  since  I  was  sitting  in  my  electrical  room,  on  « 
dark  November  day,  during  a  very  dense  driving  fog  and  rain  which 
had  prevailed  for  many  hours,  sweeping  over  the  earth,  impelled  by 
a  south-west  wind.  The  mercury  in  the  barometer  was  low,  and 
the  thermometer  indicated  a  low  temperature.  I  had  at  this  time 
1600  feet  of  wire  insulated,  which,  crossing  two  small  valleys, 
brought  the  electric  fluid  into  my  room.    There  were  four  insulators, 

•  Vide  Cabinet  Cychptedia,  Electricity,  ftc.  vol.  ii.  p.  99. 
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•Bd  each  of  tbcm  ma  Btreamlng  with  wet.  from  tbi  effecta  of  th( 
drivlDg  fog.     From  nbont  tight  o'clock  in  the  moniing  nntl]  four  in 


ridtv  w 

tbc  KtmcupheriE  conductor,  even  by  the  mofit  duefDl  appLlciitioD  of 
the  cauknicT  and  multiplier ;  indeed,  8o  effectUKlly  did  the  eiplaring 
wire  condiict  nwny  the  electricity  which  was  communicated  to  it,  that 
when  it  w>ui  connected  by  means  of  d  copper  wire  with  the  prime 
coodnctcr  of  my  eigtate«n-inch  cylinder  in  high  Bction,  sod  i  gold- 
)e«f  electroiBBter  pUced  in  contact  with  the  connecting  wire,  not  the 
alightcflt  effect  was  produced  upon  the  gold  leaTcs.  Having  given  np 
Uw  trial  of  further  eiperimenta  upon  it,  1  took  a  book,  and  occupied 
m jaclf  with  reading,  leaving  by  chance  the  receiving  ball  at  upwards 
of  an  inch  distance  from  the  ball  in  the  atmospheric  condnctor.  Abont 
fimr  o'clock  la  the  afternoon,  whilst  I  wag  still  reading,  I  suddenly 
heard  a  very  itroug  explodon  between  the  two  balls,  and  shortly  after 
many  more  took  ^ace,  until  Ihey  became  one  interrupted  stream  of 
explosions,  which  died  away  and  re-commenccd  with  the  opposilc 

at  for  any  length  of  time,  and  the  elFect  was  moat  splendid,  and  con- 
tlnned  without  Intermission,  save  that  occa^oned  by  the  interchange 
of  electricities,  for  ujjwanir  i^  Jioe  Jours,  and  then  ceased  totally. 
During  the  whole  day,  and  a  great  part  of  the  succeeding  night,  there 
was  no  material  change  in  the  barometer,  thermometer,  bygrumeter, 
or  wind ;  nor  did  the  driving  fog  and  r^n  alter  in  its  violence.  The 
wind  was  not  high,  bnt  blew  steadily  ftom  the  south-west.  Had  it 
not  been  for  my  exploring  wire,  I  should  not  have  had  the  least  idea 
of  mieh  an  electrical  accomulatiou  in  the  atmosphere  :  the  least  con- 
tart  with  the  conductor  would  have  eeeasimtd  inilant  death,  the 
stream  of  floid  far  exceeding  any  thing  1  ever  witnessed,  eicepting 
-  a  thunder-storm.  Hail  tie  intulaton  ben  dry,  mhal  icouM 
n  Iht  effect  ?  In  every  acre  of  fog  there  was  enough  of  accn- 
malated  electricity  to  have  destroyed  every  animal  within  that  acre. 
How  can  this  be  accounted  for  ?  How  much  have  we  to  learn  before 
we  can  boast  of  nndeistanding  this  Intricate  sdenee?"* 

M.  Peltier  baa  lately  published  ■  memcrir  on  the  different  species 
of  fogs,  of  which  the  following  is  a  reiumi':— 

"  According  to  De  Lcc,  B.  DaTt,  and  J.  Hrbvet,  a  fall  of  tem. 
perature  to  the  amouot  of  about  two  or  three  degrees  below  that  of 
the  tatfux  of  the  waters,  or  of  the  moist  groond.  Is  suBideot  for  the 
productloQ  of  fog  ;  and  the  fog  Is  thicker,  in  proportion  as  this  dif- 
ference between  the  temperature  of  the  air  and  that  of  the  waters  is 
This  theory  posscsiea  the  greatest  si 
;o  explain  the  existence  of  a  gnat  ni  ,   .        . 

M.  Pelties  observed,  it  is  necessarily  complicated  by  the  eltcct  of 
electric  actions  and  re-actlous.  The  first  cause  of  this  complexity  is 
the  formation  of  vapours  at  the  surface  of  a  body  charged  with  re- 
itDOiii  electricity, — vapours  which  cuuseqaently  participate  in  this 
state,  and  are  a^o  resluoua.  The  second  cause  is  In  the  re-action  of 
the  resinous  taponrs  of  the  vast  durent  that  is  constantly  advancing 
from  the  trofdci  towards  the  poles,   in  the  high    regions   of  the 
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species :  the  first  is  that  of  sim|ile  fogs ;  the  second  and  third  are 
those  of  resinous  fogs ;  the  fourth  and  &th  are  those  of  iritreous  fog^ 

**  Simple  fogs  are  the  product  of  the  condensation  of  elastic  vapoors 
by  the  cooling  of  the  air,  when  the  latter  has  fidlen  several  degrees 
below  the  temperature  of  the  ground  on  which  it  rests ;  they  are 
always  moist,  and  they  moisten  the  cold  bodies  that  they  tooeh. 
These  fogs  appear  toward  the  end  of  a  fine  day ;  they  rise  slowly  into 
the  atmosphere,  and  remain  at  a  very  low  elevation.  They  are  of  a 
dead  white,  and  diminish  the  light  without  colouring  it ;  and  their 
surfoce  is  smooth  and  tranquO. 

"  It  would  seem  that  rainomsfo^  should  be  the  more  nnmerout, 
because  as  the  terrestrial  globe  is  a  body  charged  with  resinous  dec- 
tricity,  the  vapours  that  rise  from  it  are  resinous  like  itself.  This 
species,  however,  is  not  common ;  the  cause  of  tran8formati<m  in  the 
signs  of  the  electricity  is,  in  the  very  law  itsdf,  of  electrical  inductions. 
The  earth  repels  the  resinous  electricity  toward  the  higher  strata,  and 
thus  renders  the  stratum  that  is  nearest  to  the  grou^  vitreous.  In 
order  that  such  a  fog  may  remain  in  contact  with  the  surfoce  of  the 
globe,  it  is  necessary  that  another  powor  should  have  a  preponderanee 
over  tjie  repulsion  of  the  earth,  or  Uiat  this  terrestrial  repulsion  should 
be  reduced  by  a  similar  force  acting  in  the  contrary  directiim.  The 
former  effect  is  produced  by  the  specific  gravity  which  douds  some- 
times acquire ;  and  the  latter,  by  the  repuLnvc  power  of  the  highly 
resinous  upper  strata.  Resinous  fogs,  produced  by  these  two  causes, 
are  distinguished  by  particular  qualities,  which  divide  them  into  two 
diflTcrent  species. 

*'  Vitreous  fogs  are  also  of  two  species,  which  present  very  distinct 
results.  The  first  is  that  which  occurs  under  a  serene  sky,  witljout 
any  other  electric  influence  than  that  of  the  globe.  This  species  has 
its  lower  portions  more  vitreous  than  the  upper,  and  they  are  power- 
fully attracted  by  the  globe.  The  other  species  is  that  which  is 
formed  under  the  influence  of  the  masses  of  highly  resinous  vapours, 
which  prevail  in  the  upper  strata.  This  latter  has  its  upper  portions 
more  vitreous  than  the  lower."* 


Note  o.  {vide  p.  347.) 

The  explanation  of  ball-lightning  has  been  always  a  subject  of 
difficulty.  Mr.  Snow  Harris  has  recently  traced  it,  in  his 
Treatise  on  Thunder-storms ,  to  verv  probable  causes.  We  must 
premise  that  electric  discharges  have  been  divided  by  Faraday  into 
the  spark,  the  brush,  and  the  gloto.  The  glow  is  described  as  a  con- 
stant renewal  of  discharges,  instead  of  an  intermittent  action.  Now, 
Mr.  Harris  suggests  that  the  ball-discharge  possesses  many  features 
of  resemblance  to  the  glow ;  and,  in  addition,  it  possesses  motion. 
The  latter  condition  is  readUy  admitted,  inasmuch  as  the  cloud,  by 
which  the  discharge  is  carried,  moves  onward.  These  balls  of  fire  are 
shewn  to  have  acted  as  do  lightning-flashes  ;  and  this  is  not  difficult 
of  explanation  ;  for,  when  the  cloud  passes  over  any  terrestrial  object, 
by  which  the  resistance  to  discharge  is  reduced  within  the  striking 
distance,  disruptive  discharge  must  take  place :  the  quiet  glow,  or 

•  Vide  Electrical  Magaxint,  No.  VI.  p.  416. 
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Note  p.  {ridtf.  35*.) 

PrafeuDr  Schoenbein,  of  Bale,  has.  within  these  last  fev  years, 
written  aever^  memoirs  on  the  electricoJ  odour,  in  which  he  tiu  laid 
down  certain  new  views.     He  considers  the  odour  to  arise  fiom  an 
elnoentarr  bod;  that  is  liberated  from  cambinatioa  b;  the  electrolitlc, 
or  decomposing  action  of  electricity  ;    he  calls  this  priadple  osont. 
He  considers  ozone  to  possess  the    same  electrical  chaiacters  as 
chlorine,  brotnlDe,  and  iodine  ;  and,  accucding  to  hia  recent  views,  he 
considers  oitro^n  as  a  compound  of  oxone  anil  hydrogen,  analo^us 
to  hydrochloric  add.     Indeed,  a  notice  has  lately  been  published,  ID 
which  it  is  stated  that  he  has  actually  decomposed  nitrogen   into 
hydrogen  and  oione.     But  as  tl  ......  ....  ,  ..   — 

the  means  by  whieb  he  satisfies  hi 

The  general  opinion  of  philosophers  is  against  the  eiistence  of  tbi9 

■scribes  it  to  the  minute  metallic  particles  nbicb  are  detached 
from  conductors  during  discharge.  M.  Fusiniebi  has  shewn  the 
naliersality  of  these  partides  in  electric  discharges  ;  and  M.  DV.  la 
Rive  says  that  this  eiplaoation  '■  rests  on  the  eiistence  of  known 
fccta,  while  the  hypothesis  of  ozone  is  based  on  the  existence  of  a 
body  quite  new,  of  a  veiy  peculiar  nature,  and  which  can  be  perceived 
ndther  by  a  near  nor  a  distant  examination,  except  by  this  ndour 
which  it  is  admitted  to  possess."*  Until  we  possess  this  ozone  in  an 
boUted  state  we  cannot  ndp  hesitating  before  we  adopt  the  hypothesis. 

Note  q.  (cidt  p.  367.) 

Mr.  Snow  Harhis  has,  during  these  last  two  years,  communi- 
cated a  series  of  articles  to  the  Nimlical  itagaiine,  containing  the 
itatistica  of  the  effects  of  lightning  on  210  ships  in  the  Uritlsh  navy. 
He  has  collected  these  notices  from  the  dusty  anddtierted  manuscript 
journals  of  the  respective  ships,  in  nhich  they  had  wcUnigb  been 
eoDsisTied  to  oblivion.  He  gives  the  place  of  the  sMp,  the  effects  of 
leteorolngical  phenomena,  and  such  other  remarks 
render  the  history  complete.  The  scries  of  papers 
have  just  been  published  separately. 

The  case*  before  him  have  led  him  to  several  deductions  on  the 
meteorology  of  thunder-storms.     He  says:  — 

"  The  history  of  the  different  case)  of  electrical  atornu  shews  a 
general  shifting  and  variable  state  nf  the  wind,  attended  by  alternate 
calnu,  and  squalls,  and  heavy  rain,  which  is  not  uufrcquently  con- 
voted  Into  hail  by  Che  changes  which  take  place  in  the  temperature. 
The  phenomeoa  of  these  <.torms  are  such  as  to  lead  us  to  infer  that, 
by  the  meeting  of  many  currents  of  wind,  a  sort  of  intermediate  Im- 
pressed space  is  produced,  in  and  about  which  the  air  assumes  a 
variable  and  irregular  motion,  produdngin  many  instances  a  complete 

•  VMl  rfroUM  ti  rElatrldH,  Jul;  IMS. 
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Within  and  about  this  vortex  the  most  Tioknt  eketrical  effects  are 
produced ;  masses  of  vapours  condense,  and  give  forth  terrific  Kil- 
ning and  complete  deluges  of  water.  This  vortex  is  sometiBes 
stationary ;  at  other  times  it  moves  in  the  direction  of  the  resuttaat 
of  the  active  forces.  After  the  electrical  and  other  meteondogieal 
changes  have  taken  place,  the  progress  of  the  storm  may  be  arrested, 
and  the  conditions  on  which  ft  depends  vanish.  In  which  case  the 
original  wind  may  return  with  fair  weather ;  or  the  new  direction  of 
wind,  which  is  the  firequent  concomitant  of  a  storm,  may  be  perma- 
nent, or  may  shift  a  few  p<nnts.  These  storms  seem  to  occupy  but 
limited  portions  of  the  atmosphere,  and  seldom  to  extend  to  any  great 
height.  In  illustration  of  the  latter  position  he  sphres  the  ease  of  the 
Desir^,  at  that  time  commanded  by  Admiral  Ross,  which  had 
her  nudn-topmast  shivered  to  pieces,  uid  her  mainmast  rent,  during 
a  storm  at  West  Arbour,  Port  Antonio,  October  8th,  1803.  The 
storm  **  was  witnessed  by  an  observer,  at  his  house  on  the  hill,  as 
taking  place  immediately  under  him,  whilst  overhead  tiie  sky  was 
dear  and  tranquiL" 

Mr.  Harris  makes  special  allusion  to  the  rapid  formation  of 
water,  which  is  almost  always  coincident  with  these  storms ;  and  he 
seems  to  be  of  opinion,  that  the  electricity  in  these  cases,  like  heat 
under  similar  circumstances,  is  roused  frcun  a  latent  into  an  active 
state  by  the  change  of  vi^ur  into  water.  He  has  classified  the 
respective  accidents  as  to  time  and  place;  but  as  the  results  bear 
more  upon  the  chances  of  damage  to  which  our  fleets  are  exposed,  we 
need  not  refer  to  them  further. 


Note  r.  (vide  p.  367.) 

Mr.  Crosse,  who  has  been  for  many  years  an  attentive  observer  of 
the  electricity  of  the  atmosphere,  considers  a  passing  cloud  as  a  suc- 
cession of  electrised  zones,  alternating  from  positive  to  negative ;  the 
effects  being  at  a  muumum  at  the  K>rders  of  the  cloud,  and  at  a 
maximum  at  the  centre.  The  conduct  of  an  electrical  cloud  has  been 
thus  graphically  described  by  him : — 

**  On  the  approach  of  a  thunder-cl>ud  to  the  insulated  atmo- 
spheric wire  (described  in  Note  a,  p.  574),  the  conductor  attached  to  it, 
which  is  screwed  into  a  table  in  my  electrical  room,  g^ves  correspond- 
ing siens  of  electrical  action.  In  fair  cloudy  weather  the  atmospheric 
elwtncity  is  invariably  positive,  increasing  in  intensity  at  sunrise 
and  sunset,  and  diminishmg  at  midday  and  midnight,  varying  as  the 
evaporation  of  the  moisture  in  the  air ;  but  when  the  thundar-doud 
(wluch  appears  to  be  formed  by  an  unsually  powerful  evi4>oration, 
arisine  either  from  a  scorching  sun  succeeding  much  wet,  or  ttce 
vertdf)  draws  near,  the  pith  balls  suspended  from  the  conductor  open 
wide,  with  dther  positive  or  negative  electridty ;  and  when  the  edge 
of  the  doud  is  perpendicular  to  the  exploring- wire,  a  slow  succession 
of  discharges  takes  place  between  the  brass  ball  of  the  conductor  and 
one  of  equal  sixe,  carelully  connected  with  the  nearest  spot  of  moist 
ground.  I  usually  connect  a  large  jar  with  the  conductor,  which  in- 
creases the  force  ik,  and  in  some  degree  regulates  the  number  of  the 
explosions ;  and  the  two  balls  between  whii£  the  discharges  pass  can 
be  easUy  Regulated,  as  to  their  distance  tnm.  cadi  other,  by  a  screw. 


AAer  n  certoln  aomber  of  tipliuIoDs,  sij  of  nc^tlTe  clectridCr, 
which  >t  firat  okj  be  nine  or  ten  In  ■  mlDUU,  ■  cmiBtioD  occun  of 
•ome  BHonda  or  tninnta,  u  the  aae  nuy  bt,  whea  abont  an  eqiul 
Biunber  of  eiploiioni  of  poeitive  dectriciW  Ukca  place,  of  aimiliu 
fikrcc  to  the  former,  indicating  tkepataaye  nftwo  oppoaitelt/  end  equoll]/ 
tIttlrUltd  tone!  Iff  the  cloud :  then  fbllowa  m  Kcond  zone  of  ueglttlie 
dectildty,  oecadoaiDv  serenl  more  cUadLnrgcs  in  ■  mioute  than  (roia 
dtber  of  Uie  flnt  pur  of  tODea ;  which  rate  of  lucreaie  ippears  to 
■  0  the  »i*e  and  power  of  the  clood.     Then  occuri 


„         .         „  eondpair 

;,  in  liiie  manner,  uc  followed  by  othen,  fearfully 

■mm*.  IntemipUd  only  b;  the  change  into  the  oppoiite  electridtieg. 
The  iDteiiiity  of  each  aev  pair  of  zones  Is  greater  than  that  of  the 
(btnuT,  u  may  be  proied  by  remoTJog  the  two  balls  to  a  greater  dis- 
tWKC  from  each  other.  I^en  the  centre  of  the  clond  is  verticBl  to 
the  wire,  the  peatent  effect  consequently  takes  place,  dming  which 
the  iBindam  rattle  in  their /ramd,  and  the  bursts  of  thunder  without, 
and  the  noise  within,  every  now  and  tben  accompanied  with  a  crash 
of  aeetunulatedflald  in  the  wire,  striilagCo  get  free  between  the  baUs, 
piodaee  the  most  awful  effect,  which  is  not  a  little  increased  by  the 
pauses  occasioned  by  the  interchange  of  zones.  Great  eaution  must, 
of  coarse,  be  observed  during  this  interval,  or  the  consequences  would 
be  &tBl.  My  battery  consists  of  fifty  Jars,  containing  seventy-three 
feet  of  surfoce,  on  one  lide  only.  This  battery,  when  fully  charged, 
will  perfectly  fuse  into  red-bot  balls  thirty  feet  of  iron  wire,  in  one 
length,  such  wire  being  (^  of  an  inch  In  diameter.  When  this  battery 
b  connected  with  three  thousand  feet  of  exploring- wire,  during  a 
thunder  •storm,  it  Is  charged  fully  and  instantaneously,  and,  of  course. 
U  quickly  discharged.  As  I  am  fearful  of  destroying  my  jan,  I  con- 
nect the  two  opposite  coatings  of  the  battery  with  brass  balb,  one 
inch  in  diameter,  and  placed  at  such  distance  from  each  other  as  to 
cauae  a  dischajye  when  the  battery  receives  three-fourths  of  its  charge. 
When  the  middle  of  a  thunder-cloud  is  overhead,  a  crashing  stream 
of  dlnchargea  takes  place  between  the  baits,  the  effect  of  which  must 
be  witnessed  to  be  conceived. 

"  As  the  cloud  passes  onwards,  Che  opposite  portions  of  the  zone, 
which  first  affected  the  wire,  come  into  play,  and  the  effect  is  weakened 
with  each  successive  pair  ^1  all  dies  away,  and  not  enou^  electricity 
remans  in  the  atmosphere  to  affect  a  gold-leaf  electrometer,  t  have 
remariced  that  the  air  is  remarkably  free  of  electridty,  at  least,  more 
•o  than  usual,  both  before  and  after  the  passage  of  one  of  these 
ckmds.  Sometimes,  a  little  preiioua  to  a  storm,  tlie  gold  leaves  con- 
nected with  the  conductor  wiU,  for  many  hours,  open  and  abut 
rapidlvi  as  if  they  were  panting,  evidently  abewing  a  great  electrical 
dlaturbance. 

"  It  ia  known  to  ek-ctrieians.  that  If  an  insulated  plate,  composed 
of  ■  perfect  or  an  imperiect  eonductor,  be  electriiSed,  the  deetridCy 
communicated  will  radiate  firom  the  centre  to  the  cinnimference,  w- 
eriaiiitg  in  force  as  the  squares  of  the  diataneea  from  the  centre ; 
whereas  in  a  thander-clond  the  reverse  takes  place,  as  its  power 
dJmhtitlHt  hoBi  the  centre  to  Che  drcumfereDce.  Tint,  a  nncleua 
appeui  to  be  farmed,  say  of  poaillTe  electridty,  embracing  a  targe 
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portion  of  the  centre  of  the  dond,  round  which  is  a  negatiTe  zone  of 
equal  power  with  the  former :'  then  follow  the  other  zones  in  pairs, 
diminishing  in  power  to  the  edge  of  the  cloud.  Directly  beUno  tkia 
eloudf  according  to  the  laws  of  inductive  eleetricity,  must  exist,  on 
the  surfEice  of  ue  earth,  a  nucleus  of  positive  or  negative  dectridty, 
with  its  corresponding  zone  of  positive,  and  with  other  zones  of  dee- 
trified  surface,  corresponding  in  number  to  those  of  the  doud  above, 
although  each  is  oppositdy  dectrified.  A  discharge  of  the  positive 
nucleus  above  into  that  of  the  negative  below  is  conummly  that 
which  occurs  when  a  flash  of  lightning  is  seen ;  or  from  the  positive 
bdow  to  the  negative  above,  as  the  case  may  be :  and  this  discharge 
may  take  place,  according  to  the  laws  of  electridty,  through  any  ae 
all  of  the  surrounding  zones,  without  influencing  their  rttpectioe  elec» 
tricities  otherwise  than  by  weakening  their  force,  by  the  removal  of  a 
portion  of  the  electric  fluid  from  £e  eentcal  nucleus  above  to  that 
oelow  :  every  successive  flash  firom  the  doud  to  the  earth,  or  tcook 
the  earth  to  the  cloud,  weakening  the  charge  of  the  plate  of  air,  of 
which  the  doud  and  the  earth  form  the  two  opposite  coatings. 
Much  might  be  said  on  this  head,  of  which  the  abcVe  is  but  a  slight 
sketch."* 

To  this  we  may  add  that,  from  some  recent  ezperimenta  on  the 
phenomena  of  inouction,  Faraday  has  been  led  to  a  very  gene- 
ral illustration  of  the  probable  structure  of  a  thunder-doud.  An 
insulated  charged  ball  is  suspended  within  an  insulated  ice-pail ;  the 
inductive  effects  of  the  ioe-pail  on  external  bodies  are  the  same 
whether  the  ball  be  hdd  concentric  or  eccentric,  near  the  surface  or 
near  the  bottom  ;  and.  finally,  if  the  ball  touch  the  pail  so  as  to  de- 
liver up  its  charge,  the  inductive  effect  remains  imchanged.  If  seve- 
ral ice-pails  are  placed  one  within  the  other,  and  preserved  from 
contact  by  insulating  sheets  of  shell-lac,  the  effects  remain  constant 
whether  the  charge  be  in  the  ball  or  in  either  of  the  pails.  When 
several  charged  balls  are  used,  their  actions  suffer  no  interference ; 
but  each  acts  independently  of  the  other,  and  the  sum  of  their  indi- 
vidual powers  is  obtained. 

*'  A  curious  consideration,"  says  Faraday,  "  arises  from  this 
perfection  of  inductive  action.  Suppose  a  thin  uncharged  metallic 
globe,  two  or  three  feet  in  diameter,  insulated  in  the  middle  of  a 
chamber  ;  and  then,  suppose  the  space  within  this  globe  occupied  by 
myriads  of  little  vesicles  or  particles,  charged  alike  with  electricity 
(or  differently),  but  each  insulated  from  its  neighbour  and  the  globe; 
their  inductive  power  would  be  such  that  the  outside  of  the  globe 
would  be  charged  with  a  force  equal  to  the  sum  of  all  their  forces, 
and  any  part  of  this  globe  (not  charged  of  itself)  would  give  as  long 
and  powerful  a  spark  to  a  body  brought  near  it,  as  if  the  electridty  of 
all  the  particles  near  and  distant  were  on  the  surface  of  the  globe 
itself.  If  we  pass  from  this  consideration  to  the  case  of  a  cloud, 
then,  though  we  cannot  altogether  compare  the  external  surfoce  of 
the  cloud  to  the  metallic  surface  of  the  globe,  yet  the  previous  induc- 
tive effects  upon  the  earth  and  its  buildings  are  the  same  ;  and,  when 
a  charged  cloud  is  over  the  earth,  although  its  electridty  may  be  dif- 
fused over  every  one  of  its  partides,  and  no  important  part  of  the 
inducfric  charge  be  accumulated  upon  its  under  surface,  yet  the  induc- 
tion upon  the  earth  will  be  as  strong  as  if  all  that  portion  of  force 
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which  is  directed  towBrd)  tbe  cartb  tetrr  npon  that  nirface  ;  and  the 
Btate  ot  tbe  earth,  and  its  teadencj  to  dlschat^  to  the  dond,  will  also 
be  aa  atrDng  in  the  former  ai  In  lh«  Utter  rase.  As  to  whether 
ligfatDJni^-dlsehai^^  beirina  fint  at  the  cloud  or  at  the  eartb,  that  ia  a 
nuitter  far  men  difficult  to  deride  than  is  usually  supposed ;  theoreti. 
cbI  doUous  would  lead  me  (o  expect  that,  in  moat  cases,  perhaps  in 
all,  it  begins  at  the  eiwth."  • 

Note  i.  (rub  p.  368.) 
Thepresent  imperfect  sUte  of  our  knowledge  of  the  pbenomena  of 

note  the  characteristics  of  a  storm-cloud,  and  the  phenomena,  to  a 
oertidn  extent,  otits  discharge  ;  we  have  now  to  notice  M.  Tkbban's 
views  of  the  hydro-meteorologieal  pheooniena,  concurrent  with  a 
violent  discharj^  ;  and  1  aiiist  confess  to  a  partiality  towards  this 
view,  although  in  this  I  differ  from  M.  Kakutz,  as  given  in  tbe 

M.  Teeban  fiitt  refers  to  the  bomogeaeoos  repulsion  of  similnrljr 
electrized  particles  ;  and  considers  that.  If  a  lightalng-clond  is  con. 
rtituted.  as  we  have  reason  to  believe,  of  such  particles,  it  will  swell 
out  until  this  enpansivc  tendency  is  in  tgailibria  with  the  pressure  of 
the  atmosphere ;  and  if  a  cloud  is  highly  charged  nilh  electricity,  its 

flush  nf  lightning  occurs,  th'.'  cloud  nlU  be  discharged  )n  whole  or  in 
part  of  its  electricity,  and  H:^  exterior  air,  being  no  lunger  bcld  in 
tgtdlibria,  will  press  in  upun  the  cloud,  and  reduce  its  dimen-slons. 
"Tbe  rushing  of  tbe  air,"  he  says,  "must  produce  in  Me  re^ua 
•nAicA  ii  ocrupiti  a  ptty  ilronj  and  deep  nout,  and  determine,  also,  a 
great  precipitation  of  vapour.  So  that  this  ia  the  cause  of  tbe  noise 
of  thunder  and  the  torrent  of  rain  which  follows  lt."t 

This  view  takes  (or  granted  that  the  lightning  precedes  the  ruin  j 
M.  Kakhtz  is  of  the  contrary  opinion :  he  conceives,  as  we  see  in 
the  teit.  that  the  iform  prodarri  the  eleclricify.  and  not  Iht  rleelriril^ 
the  Harm.  The  question  of  priority,  in  this  instance.  Is  of  consi- 
derable mnment.  and  we  therefore  press  upon  nur  readers  the  fnliow. 
ing  extract  from  the  instructions  published   by  the  Royal  Ijociety 

"  The  phenomena  of  ordinary  thunder-storms  may  be  thought  to 
afford  little  matter  fiT  remark  ;  and  eitraordinary  ones  will  he  noted 
of  course.  Yet  (here  is  one  point  to  which  we  would  wish  that  some 
attention  might  be  paid, — it  is  the  sadden  rush  of  rain  which  is  almost 
sore  to  succeed  a  violent  delonatian  Immediately  overhead.  Is  this 
rain  a  miue  or  a  eonsf^enee  of  the  electric   discharge  ?     Opinion 

that  the  former  has  been  maintained,  or  even  suggested.  Yet  it  b 
very  defensible.  In  the  sudden  agglomeration  of  many  minute  lavi 
feeble  electrified  globules  into  one  rain -drop,  tbe  quantity  of  electricity 
la  increased  in   a  greater  proportion  than  tbe  surface  over  which 
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lion,  therefore,  is  increased,  and  may  attain  the  point,  wben  it  is  capa- 
ble of  separating  from  the  drop  to  seels  tlie  surface  of  the  eUmd^  or  of 
tlie  newly  formal  descending  body  of  rain,  which,  under  sneh  dream- 
stances,  and  with  respect  to  dectridty  of  such  a  tension,  maybe  regarded 
as  a  conducting  meoium.  Arrived  at  this  snrftoe,  the  tension,  fat  the 
same  reason,  becomes  enormous,  and  a  flash  escapes. 

**  The  following  points  should  be  obsenred  with  a  view  to  this 
mode  of  regarding  the  formation  of  lightning.  1st.  The  actual  elec- 
trical state  of  th(U  rain  which  follows  sudd^ly  after  a  discharge  ori- 
ginating vertically  overhead. 

'*  2d.  Whether  lightning  occurs  without  rain,  in  the  immediaie 
|N»a/  where  it  originates,  or,  at  least,  without  a  rapid  formation  and 
mcrease  of  doud  at  that  point. 

**  3d.  Whether  lightmng  proceeds  from  a  doud  undergoing  actual 
diminution  from  evaporation. 

**  4th.  Whether  the  cumular  clouds,  already  noticed  as  continually 
forming  and  raining  in  the  calm  latitudes,  send  forth  flashes  of  lig^t- 
ning;  and  if  so,  under  what  conditions,  and  with  what  effects.*' 

The  order  of  the  phenomena,  in  the  case  of  this  storm,  which  give 
rise  to  M.  Tej^san's  observations,  is  thus  expressed :  **  The  flashes 
of  lightning,  of  a  terrific  brilliancy,  succeeded  each  other  with  extreme 
rapidity,  and  were  almost  instantly  followed  by  tremendous  daps  of 
thunder,  which  were  themselves  succeeded  by  dduging  showers." 


Note  /.  {vide  p.  387.) 

Vegetable  points  possess  extraordinary  powers  of  conduction,  in 
nujiy  cases  far  surpassing  that  of  the  metals  themselves.  This  pro- 
perty is  not  generally  recognised ;  it  was  laid  down  in  J.  Williams* 
Climate  of  Great  Britain^  and  has  been  revived  bv  Mr.  Pine,  of 
Maidstone,  who  made  the  observation  that  a  blade  of  grass  is  a  better 
conductor  of  dectridty  than  a  steel  needle;  and  that  the  spines 
upon  thorns,  gooseberry-bushes,  &c.,  and,  indeed,  the  whole  creation 
of  buds  and  leaves,  have  the  property  of  silently  drawing  off  and  con- 
ducting away  elecUidty.  As  illustrations  :  a  Leyden  jar  was  repeat- 
edly discharged  by  a  vegetable  point  in  4"  6*;  while  the  same  jar 
retained  its  charge  for  11"  18*  under  the  influence  of  a  metallic 
point.  A  Bennett's  gold-leaf  electroscope,  furnished  with  a  branch 
of  the  shrub  caUed  Butcher*  s  Broom  f  was  powerfully  affected  by  a 
charged  jar,  at  the  distance  of  seven  feet,  while  an  instrument,  fitted  up 
in  the  usual  way  with  a  metal  point,  was  not  acted  on  until  brought 
within  a  distance  of  two  feet.  A  similar  instrument  gave  indications 
of  dectridty,  by  the  passing  of  douds  at  great  elevations,  when  other 
ordinary  instruments  were  inactive. 

Note  v.  (rule  p.  403.) 

Messrs.  Fizeau  and  Foucault  have  lately  described  experi- 
ments, in  which  they  have  exposed  Daguerrian  plates  to  rays  of  liffht, 
and  have  measured  its  intensity  by  the  chemical  effects.  A  suver 
plate  is  exposed  to  the  vapour  of  iodine  ;  it  is  then  placed  in  a  dark 
chamber,  fitted  with  an  achromatic  lens :  the  rays  of  the  sun  are 
then  allowed  to  impinge  on  five  or  six  diffierent  spots  of  its  surface,  for 
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different  periods  on  each :  the  times  corresponding  to  each  spot  are 
preaervea.  The  plate  is  then  exposed  to  the  yaponr  of  mercury,  and 
a  aeries  of  decreasing  images  is  thus  brought  out;  the  time  corre- 
■ponding  to  the  first,  or  nascent  image,  is  noted.  This  time,  with  the 
aqperture  of  the  lens  and  the  focal  dutance,  are  the  data  for  deducing 
eomparatiTe  measurements.  The  following  equation  gives  the  rela- 
tkm  between  the  intensities  of  two  luminous  sources,  in  the  most 
general  cases : — 

I t^  tong.*  a^ 

V         /  tong.^  a 

I  and  I*  are  the  relative  intensities  when  a  nascent  image  is  produced 
in  times  /  and  /\  with  the  angles  of  the  lens,  as  seen  ^m  the  focus, 
respectively  a  and  a*. 

On  the  2d  of  April,  1844,  at  fifteen  minutes  past  eleven,  and 
cm  the  same  day  at  forty  minutes  past  noon,  they  obtained  a  maximum 
of  intensity,  which  they  caUed  1000.  On  the  20th  of  September, 
at  two  o*dock,  under  a  pale  blue  sky,  the  intensity  was  751.  The 
lens  they  employed  had  a  focal  distance  of  forty -five  inches ;  and  its 
luperture  could  be  varied  by  a  diaphragm  from  ,051  to  ,118  inch. 
lliey  promise  to  repeat  their  experiments. 

It  will  be  observed,  that  these  values  represent  the  chemical  inten- 
sities of  the  light ;  but  other  experiments  had  led  them  *'  to  regard  as 
▼cry  probable  that  the  luminous  radiations,  emanating  from  different 
sources,  but  which  produce  white  Hght,  possess  optical  and  chemical 
intensities  ia  the  same  ratios.*** 

NoT£  r.  (vide  p.  44d.) 

The  decHnation  of  the  magnetic  needle  at  Greenwich  firom  the  me- 
ridian of  Greenwich  at  the  present  time  is  24®. 

Note  w.  (vide  p.  452.) 

The  exceeding  brilliancy  of  the  aurorse  seen  by  M.  Lottin,  and 
alluded  to  in  a  note  by  M.  Bravais,  inclines  me  to  give  plates  of 
two  of  the  most  magnificent  forms  which  they  assumed,  and  also  to 
take  the  following  d<»criptive  extract  from  Lardner  and  Walker's 
Eleetrieiiy  and  Meteorolo^^  vol.  ii.  p.  225 : — 

<*  During  the  winter  of  1838-9,  M.  Lottin  observed  the  auroras 
at  Bosekop,  in  the  bay  of  Alten,  on  the  coast  of  West  Finmark,  in  the 
latitude  of  70^  N.  Between  September  1838,  and  April  1839,  being  an 
interval  of  206  days,  he  observed  143  auroras :  they  were  most  fre- 
quent during  the  period  which  the  sun  remained  below  the  horizon, 
uat  is,  from  the  1 7th  of  November  to  the  25th  of  January.  During 
this  night  of  seventy  times  twenty-four  hours,  there  were  sixty-four 
auroras  visible,  without  counting  those  which  were  rendered  invisible 
by  a  clouded  sky,  but  the  presence  of  which  was  indicated  by  the  dis- 
turbance they  produced  on  the  magnetic  needle. 

**  Without  entering  into  the  details  of  the  individual  appearances 
of  these  meteors,  we  shall  here  briefly  describe  the  appearances  and 
the  suroession  of  changes  which  they  usually  presented. 

•  Yid*  Comptet  Rendm,  April  2S,  1844. 
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**  Between  the  boon  of  fonr  and  eight  o*dock  fai  tiie  aftemooB,  m 
light  sea-fog,  which  almost  constantly  prevailed,  extending  to  the  ald- 
tude  of  from  4°  to  6^,  became  colonrra  on  its  upper  border,  or,  rather, 
was  fringed  with  the  light  of  the  aurora,  which  was  tiien  bdiiiid  it ; 
this  border  became  gradually  more  regular,  and  took  the  form  of  «i 
arc  of  a  pale  yellow  colour,  tht  edges  of  which  were  diffdae,  and  tlie 
extremities  rested  on  the  horizon.  This  bow  swelled  upwards  more 
or  less  slowly,  its  vertex  being  constantly  on  the  magnetic  merfdiaa, 
or  very  nearly  so.  It  was  not  easy  to  determine  this  with  inredsioa, 
because  of  the  motion  of  the  bow,  and  the  great  magnitude  of  the 
circle,  of  which  it  formed  but  a  small  segment:  blackish  streaks 
divided  regularly  the  luminous  matter  of  the  arc,  and  resolved  it  into 
a  system  of  rays ;  these  rays  were  alternately  extended  and  contracted: 
sometimes  slowly,  sometimes  instantaneously ;  sometimes  theywovld 
dart  out,  increasing  and  diminishing  suddenly,  in  splendour.  The  in- 
ferior pajts,  or  the  feet  of  the  rays,  presented  always  the  most  vivid 
light,  and  formed  an  arc  more  or  less  regular.  The  length  of  these 
rays  was  very  various,  but  they  all  converged  to  that  point  erf  tiie 
heavens  indicated  by  the  direction  of  the  southern  pole  of  the  dipping 
needle.  Sometimes  they  were  prolonged  to  the  point  where  tneir 
directions  intersected,  and  formed  the  summit  of  an  enormous  diMne 
of  light. 

*'  The  bow  would  then  continue  to  ascend  towards  the  aenith :  it 
would  suffer  an  undulatory  motion  in  its  light ;  that  is  to  say,  that 
from  one  extremity  to  the  other  the  brightness  of  the  rays  would  in- 
crease successively  in  intensity.  This  luminous  current  would  appear 
several  times  in  quick  succession,  and  it  would  pass  much  more  fiv- 
qnently  from  west  to  cast  than  in  the  opposite  direction.  Sometimes, 
but  rarely,  a  retrograde  motion  would  take  place  immediately  after- 
wards ;  and  as  soon  as  this  wave  of  light  would  nm  successively  over 
all  the  rays  of  the  aurora  from  west  to  east,  it  would  return,  in  the 
contrary  direction,  to  the  point  of  its  departure,  producing  such  an 
effect  that  it  was  impossible  to  say  whether  the  rays  themselves  were 
actually  affected  by  a  motion  of  translation  in  a  direction  neariy 
horizontal,  or  if  this  more  \ivid  light  was  trnnsfeired  from  ray  to  ray, 
the  system  of  rays  themselves  suffering  no  change  of  position. 

**  llie  bow,  thus  presenting  the  appearance  of  an  alternate  motion 
in  a  direction  nearly  horizontal,  had  usually  the  appearance  of  the 
undulations  or  folds  of  a  riband,  or  flag  agitated  by  the  wind,  as 
represented  in  Plate  vii.  Sometimes  one  and  sometimes  both  of 
its  extremities  would  desert  the  horizon,  and  then  its  folds  would 
become  more  numerous  and  marked,  the  bow  would  change  its  cha- 
racter, and  assume  the  form  of  a  long  sheet  of  rays  returning  into 
itself,  and  consisting  of  several  parts  forming  graceful  cur^-es,  as  re- 
presented in  Plate  viii.  The  brightness  of  the  rays  would  vary 
suddenly,  sometimes  surpassing  in  splendour  stars  of  the  first  mag- 
nitude; these  rays  would  rapidly  dart  out,  and  curves  would  be 
formed  and  developed  like  the  folds  of  a  serpent ;  then  the  rays  would 
affect  various  colours,  the  base  would  be  red,  the  middle  gr^eHf-t^d 
the  remainder  would  preserve  its  clear  yellow  hue.  Such  was  tli^- 
arrangement  which  the  colours  always  preserved ;  they  were  of  ad- 
mirable transparency,  the  base  exhibiting  blood-red,  and  the  green  of 
the  middle  bemg  that  of  the  pale  emerald ;  the  brightness  would  di- 
minish, the  colours  disappesur,  and  all  be  extinguished,  sometimes 
suddenly,  and  sometimes  by  slow  degrees.    After  this  disappearance. 


irOTBl  ST  CHAKUca  r.  TTAUCEB.  56S 

of  the  bow  would  be  reprodaecd,  iraold  conClDue  thdr 
upwud  mDTcment,  and  approach  tbE  zenith  ;  the  rays,  by  the  cffnt 
of  pergpcctivr,  "Bould  be  gradually  shorttoed ;  the  thickncsi  of  the 
■Tc,  which  preaeoted  then  the  appporanee  of  a  large  zone  of  paxallp] 

ma^etie  zenith,  or  the  point  to  which  the  BOuCh  pole  of  the  dipping 
needle  is  directed.  At  that  momeDt  the  ray^noulilbe  seen  in  the  di- 
rtctioQ  of  their  feet.  If  they  were  coloured,  they  wonld  appear  as  a 
large  red  band,  through  which  the  green  tints  of  their  superior  parts 
could  be  distinguished;  and  if  the  wave  of  light  above -uirntioneJ 
pasced  along  them,  theh-  feet  would  form  a  long  rinuous  undulating 
■cme,  while,  throughout  all  these  changes,  thr  niys  would  ncitr 
mlTeT  any  oscillation  In  the  Erection  of  thnr  aila,  and  would  con- 
stantly preserve  their  mutual  parallclisnu. 

While  these  appearances  are  mnnifested,  new  bows  are  formed, 

ready  formed  rays :  they  succeed  each  other,  passing  through  nearly 
tbe  same  phases,  and  arrange  themselves  at  certain  diBlaacoi  from 
eaeh  other.  As  many  as  nine  have  been  counted,  forminjt  as  many 
in  the  earth,  and,  in  Ibeir  arrange. 

over  the  scene  of  n  thintrc,  and  intended  to  represent  tbe  sky.    Some- 

them  close  upon  each  othrr,  forming  one  large  zone,  traversing  the 
heavena,  and  disappearing  towards  the  south,  becoming  rapidly  feeble 
after  passing  the  zeaith.  Hut  sometimes,  also,  when  this  zone  ei. 
tends  over  the  summit  of  the  firmament  from  east  to  west,  the  mass 
of  rays  which  have  already  passed  beyond  the  magnetic  zenith  appear 

north  the  real  boreal  eorooa,  all  the  laya  of  which  converge  to  the 
■enlth.  This  appearance  of  a  crown,  therefore,  is  doubtless  the  mere 
effect  of  perspective  ;  and  an  observer,  placed  at  the  same  instant  at  a 

The  Iota]  zone  measnring  less  in  the  direction  north  and  sontb 
than  in  the  directioa  east  and  wot,  since  it  often  leans  upon  the 
earth,  the  c  rona  would  be  eipecled  to  have  an  eliiptieal  form  ;  but 
that  dors  not  always  happen  :  it  he.*  been  seen  circular,  the  unequal 
rays  aot  ezteadlng  to  a  greater  distance  than  from  8°  to  I  a"  from  the 
inilth,  while  at  other  times  they  reach  the  horizon. 

Let  it,  then,  be  imagined,  that  all  these  vivid  rays  of  light  issue 
forth  with  splendour,  subject  to  continual  and  suddea  variations  ia 
their  length  and  brightness  ;  that  these  beautiful  red  and  green  tints 
colour  them  at  Intervals  ;  that  waves  of  light  undulate  over  them  ; 
that  currents  of  light  succeed  each  other ;  and,  in  fine,  that  the  rast 
firmament  present'  one  immense  and  magnificent  dome  of  light, 
reposing  oa  the  snow-covered  base  supplied  by  the  ground,  which 
itself  strves  as  a  dazzling  frame  for  a  sea,  calm  and  black  as  a  pitchy 
lake ;  and  some  idea,  thoagb  an  imperfect  one,  may  be  obtained  <rf 
the  splendid  spectacle  which  presents  Itself  to  liim  who  wltoesses  the 
anron  from  the  Bay  of  Allen. 

The  corona,  when  It  is  formed,  ooly  lasts  for  some  minntes :  it 
sometimes  forms  suddenly,  without  any  previous  bow.     There  are 

■re  attended  with  do  crown  at  all. 
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The  corona  Ixeoomes  gradually  fiednt,  the  whole  phenomenon  being 
to  the  soath  of  the  zenith,  forming  bows  gradually  paler,  and  senorally 
disappearing  before  thev  reach  the  southern  horizon.  All  this  most 
commonly  takes  place  m  the  first  half  of  the  night,  after  which  the 
aurora  appears  to  have  lost  its  intensity:  the  pencils  of  rays,  the 
bands  and  the  fragments  of  bows,  appear  and  disappear  at  intervals ; 
then  the  rays  become  more  and  more  diffused,  and  ultimately  merge 
into  the  vague  and  feeble  light  which  is  spread  over  the  heavens 
grouped  like  little  clouds,  and  designated  oy  the  name  of  marorcU 
plates  {plaques  aurorales).  Their  milky  light  frequently  undergoes 
striking  changes  in  its  brightness,  like  motions  of  ddlatation  and  con- 
traction, which  are  propagated  reciprocally  between  the  centre  and  the 
circumference,  like  those  which  are  observed  in  marine  animals  called 
Medusae.  The  phenomena  become  gradually  more  faint,  and  gene- 
rally disappear  altogether  on  the  appearance  of  twilight.  Sometimes, 
however,  the  aurora  continues  after  the  commencement  of  daybreak, 
when  the  light  is  so  strong  that  a  printed  book  may  be  read.  It  then 
disappears,  sometimes  suddenly ;  but  it  often  happens  that,  as  the 
daylight  augments,  the  aurora  becomes  gradually  vague  and  undefined, 
takes  a  whitish  colour,  and  is  ultimatdy  so  mingled  with  the  cirro- 
stratus  clouds  that  it  is  impossible  to  distinguish  it  from  them." 


Note  x.  {vide  p.  461.) 

The  British  Government  have  published  the  first  of  a  series  of 
volumes  of  Observations  on  Days  qf  Unusttal  Magnetic  Disturhaneey 
made  at  the  British  Colonial  Magnetic  Observatories ^  under  the  Depart- 
tnent  of  the  Ordnance  and  Admiralty.  The  places  of  observa- 
tion are  St.  Helena,  Toronto,  Van  Dicman*s  Land,  and  the  Cape  of 
Good  Hope.  The  following  extract  from  the  preface  bv  Lieut. -col. 
Sabine,  under  whose  superintendence  the  volume  is  publbhed,  con- 
tains distinct  evidence  of  the  connexion  between  aurorse  and  magnetic 
disturbance :  — 

"  On  examining  the  meteorological  registers  at  the  Toronto  Ob- 
servatory, with  reference  to  the  appearance  of  aurora  on  the  twenty- 
four  days  of  principal  magnetic  disturbance  at  that  station  (in  1840-1), 
it  appears  that,  on  thirteen  days  of  the  twenty -four,  the  aurora  was 
visible ;  and  that  on  the  remaining  eleven  days,  the  sky  was  either 
densely  overcast  or  heavily  clouded,  so  that  the  aurora,  though  it 
might  exist,  could  not  be  seen. 


Jan.  18, 
..   27. 

Feb.  9, 
„    23, 

M«r.  15, 

May  10, 

July  1». 

M    22, 

Aug.  16, 
„  23, 
.»    2(i, 


Faint  auroral  light. 

Sep. 

13. 

Auroral  light  in  north. 

Densely  overcast. 

** 

21. 

Faint  auroral  light. 

1* 

iJ5, 

Bright  aurora. 

Oct. 

9. 

Generally  overcast. 

>• 

25. 

Densely  clouded,  with  rain. 

Nov 

5, 

Bright  aurora. 

»t 

6. 

Heavily  overcast,  with  thun- 

• » 

11. 

der. 

.. 

IH. 

Brilliant  aurora. 

Dec. 

3. 

Faint  aurora. 

»• 

14. 

Overcast,  with  base. 

It 

ao, 

Aurora,  with  streamers  and 

pulsations. 
Heavily  clouded,  with  rain. 
Bright  aurora. 
Brilliant  aurora. 
Bright  aurora. 
Faint  auroral  lighL 
Densfly  clouded. 
Densely  clouded,  with  rain. 
Hrilliani  aurora. 
Densely  cloudetl.  with  rain. 
Densely  clouded. 
Overcast,  with  dense  haie. 


The   connection  between  aurora  and   magnetic   disturbance, 
each  viewed  as  a  local  phenomenon,  has  often  been  remarked:  the 
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days,  in  the  above  Uit,  on  which  both  oecnrred  together,  were,  how. 
CTFr,  dun  of  distiubiuce  st  Prague  andViin  Dienum'i  Isliud,  aa  well 
■>  Bt  Tomato.  It  would  Kcm,  tlterefbrc,  that  we  mn  view  the 
oeeunruce  of  saroia  at  Toronto,  on  theie  occasions,  as  a  laai]  mani. 
Imitation  connrcted  with  ma^etic  effeets,  which,  whatever  may  have 
been  their  origin,  probably  prevailed  on  the  same  day,  over  the  whole 
•nrfiux  of  the  globe." 


Note  y.  (cide  p.  486.) 

Plate  IK.  rrpresentB  Osleh'h  anrmomrtrr,  as  erected  at  the  Royal 
Polytechnic  InstitatioD.  The  following  description  is  from  the  Quar- 
lerlji  JoHmal  iff  Mrlorology,  No.  VI. : — 

....  "An  aiustraWd  accoant  of  Mr.  Follet  Osieh'b  anemo. 
meter,  an  inatroment  that  is  calculated,  from  its  exrecdingly  in^ni* 
oua  construction,  to  elicit  not  only  the  admiration  of  the  lover  of 
mechanical  contrivBnce.i,  but  also,  from  the  important  resulU  ob- 
tidned  from  Its  workings,  the  warmest  thanks  on  the  imrt  of  all 
mrteorokigists  to  Mr.  Osler. — We  may  hete  mention,  that  asome. 
what  slnular  instrument,  constructed  to  effect  the  same  results,  was 
for  two  years  in  operation  at  Swansea,  in  Glamorganshire,  oiiginnliy 
deaigiied  by  Mr.  Eduonds,  a  gentleman  of  eminent  mechanical  ae- 
qniKments,  and  improved  upon  by  Mr.  GuTCH,  on  whose  premises, 
Bt  Swansea,  it  was  erected,  and  now  transferred  to  the  Royal  lostl- 
tatioD  in  that  town  ;  the  results  for  the  two  yean  an  at  present  in 
the  Sodfty's  library.  An  instnaoent  that  will  faithfully  register 
every  momentary  variation  of  the  wind,  force  of  the  same,  and  fall  of 
iwln,  was  a  very  great  desideratum  in  meteorological  science,  and  the 
results  already  gained  from  the  operations  of  this  Instrument  have 
folly  realised  the  anticipations  that  were  at  first  formed  of  it.  The 
Bdvantages  of  this  mode  of  opeiatian  are  rarioiu  and  considerable — 
the  eye  is  enabled  to  detect  at  a  glance  the  teUtion  between  the  vaii. 
one  ipjitruments  \  and  it  would  certainly  appear  that  we  are  enabled 
more  easily  to  work  out  results  from  this  system  than  by  aoy  hitherto 
deri'ed  mc-ms.  The  rise  of  the  wind  generally  towards  noon,  nr 
about  3  P.H.,  is  very  stiiliing,  especiallyas  '  ~  --  ■  ^i  - 


Tents  at  night,  is  plainly  shewn  ;  the 
ins  winds,  and  their  rise  and  fall,— 


the  rirpumstances  that  preceded,  accompanied,  and  foil 
variations  of  the  thermometer,  barometer,  and,  in  fact,  all  the 
changes  of  this  most  changeable  of  all  climates,  may  thus  tie  trsced, 
where  Jigvm  wonld  give  no  idea  at  all.  One  of  these  most  ingenious 
instruments  may  be  seen  io  daily  operation  at  the  Polytechnic  Insti- 
tution, OBOCher  Is  erected  at  the  Instltntiaa  at  Birmingham,  a  third 
at  Plymouth,  and  several  have  been  sent  to  the  foreign  magnetic 
observatories. 

"  The  instrument  consists,  first,  of  a  vane,  S ;  the  one  in  use  at 
Birmingham  was  fifteea  fcet  long,  being  made  of  this  length  the  better 
to  ensDre  steady  action.  The  shorter  the  vane,  the  hroader  the  track 
is  oS  the  nmrie,  as  the  pulsations  are  greater.  Mr.  Oblek  Is  of 
opimon  that  a  long  streamer  at  the  end  of  a  short  vane  would  answer 
just  as  well,  and  perhaps  better.  A  vane  of  a  wedge-shape  form,  as 
In  the  figure,  Rate  ix.  is  the  one  now  found  best  Co  amwer  the  par- 
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pose,  for  a  flat  vane  is  always  in  a  neatral  line,  and  tberefore  is  not 
found  to  be  as  accurate  or  sensitive. 

**  At  the  lower  end  of  the  tube,  AA,  is  a  small  pinion,  B,  working 
in  a  rack,  which  works  backwards  and  forwards  as  the  wind  presses 
the  vane.  To  this  rack  a  pencil,  C,  is  attached,  which  marks  the  di> 
rection  of  the  wind  on  a  paper,  DD,  ruled  with  cardinal  points,  and 
so  adjusted  as  to  progress  at  the  rate  of  half  an  inch  per  hour,  by 
means  of  a  simple  contrivance  connecting  it  with  a  dodc. 

*•  The  pressure-plate,  E,  for  ascertaining  the  force  of  the  wind,  is 
one  foot  square,  placed  immediately  beneath  and  at  right  an^es  with 
the  vane ;  it  is  supported  by  light  bars  running  horizontally  on  fric- 
tion rollers,  and  communicating  with  spiral  springs,  so  that  the  plate, 
when  affected  by  the  pressure  of  the  wmd,  acts  upon  them,  rnd  they 
transfer  suca  action  to  a  copper  chain  passing  aown  the  interior  of 
the  tube,  indicating  the  direction  or  main  tube,  and  passing  over  the 
bottom  roller ;  a  light  copper  wire  is  connected  to  this  chain,  com- 
municating  with  the  pencil,  which  thus  registers  the  force  of  the 
wind  upon  the  same  paper  as  the  direction  is  marked,  being  previ- 
ously ruled  in  divisions  indicating  pounds ;  the  pressure-plate  is  con- 
nected with  a  series  of  spiral  springs.  Mr.  Osler  much  prefers  a 
spring  to  any  other  means  for  ascertaining  the  force  of  the  wind,  be- 
cause it  is  of  the  highest  importance  to  have  as  little  matter  in  mo- 
tion as  possible,  otherwise  the  momentum  acquired  will  cause  the 
pressure-plate  to  give  very  erroneous  indications.  The  pressure- 
plate  is  as  light  as  is  consistent  with  strength,  as  also  are  the  bars  that 
carry  it. 

''The  rain-funnel,  U,  is  an  apparatus  exposing  an  area  of  300 
square  inches,  and  is  fixed  on  the  roof  of  the  buildLig,  as  fairly  ex- 
posed as  possible.  The  water  collected  in  it  is  conveyed  by  a  tube 
through  the  roof  down  to  the  registering  table,  and  into  a  glass  vessel, 
H,  so  adjusted  and  graduated  as  to  indicate  a  quarter  of  an  inch  of 
water  for  every  200  square  inches  of  surface ;  t.  e.  50  cubic  inches. 
The  rain-gauge  is  a  glass  vessel  three  inches  and  a  half  in  diameter, 
and  five  inches  and  a  half  in  the  straight  part  of  the  body.  Connected 
with  this  vessel  is  a  radius  bar,  M,  of  which  a  magnified  view  is 
given  in  the  lower  part  of  the  plate,  holding  a  pencil  point.  When  the 
gauge  is  full,  it  discharges  its  contents  by  a  modification  of  the  S3mhon, 
made  as  follows : — A  glass  tube,  open  at  both  ends,  is  cementea  into 
the  bottom  of  the  cylindrical  part  of  the  glass  reservoir,  over  this  tube 
a  large  one,  closed  at  the  top  (like  a  small  bell-^ass),  b  placed. 
The  smaller  tube  thus  forms  the  longest  leg,  and  the  larger  tube  the 
shortest  leg  of  the  syphon.  This  contrivance  has  a  peculiar  advan- 
tage  over  the  common  bent  syphon ;  for  as  its  tubes  are  both 
straight,  and  of  considerable  size,  they  are  not  likely  to  be  clogged 
by  the  rain  water,  and  are  most  easily  cleaned  by  passing  into  them 
a  copper  wire,  or  a  strip  of  cane  or  whalebone,  having  a  bit  of  tow 
or  sponge  at  the  end.  The  mode  in  which  the  syphon  is  brought 
into  action  is  sufficiently  simple  :  the  water,  having  risen  to  the  1ml 
of  the  top  of  the  inner  tube,  drops  over  into  the  little  copper  tilt  in 
the  globe,  R,  beneath  the  reservoir  ;  this  tilt  is  divided  in  half  by  a  slip 
of  copper,  and  placed  upon  an  axis,  not  exactly  balanced,  tut  so  that 
one  end  or  other  preponderates.  The  water  then  drops  into  the  end 
of  the  tilt  which  happens  to  be  uppermost,  and,  when  quite  full,  it 
falls  over,  throwing  the  water  into  the  pipe  of  the  globe,  in  which  the 
tilt  is  placed.    In  this  way  an  imperfect  vacuum  is  produced  in  the 


^otw  quite  mffictent  to  produce  a  drangbt  In  the  nnall  tube  of  the 
afphon,  or  the  longcHt  leg  ;  uni  the  whole  eooteaU  of  the  iratrroa 
inamediBtelf  nia  olT  iota  a  glass  tessd  placed  for  their  reception. 
The  resertoir  hsvipg  been  released  from  the  water,  certain  weigbU, 
L,  raise  it  to  its  oti^al  and  proper  height,  ai^d  the  radiua-bor  takes 
ibe  pencil  back  to  the  zero  point. 

muofactured  by  Mr.  NtWMAN,  in  Kegent  Street,  nho  has  also 
efl^ted  several  important  impiovemenU  on  the  original  one.  as  eon- 
■tneted  by  Mr.  Oslkb." 


Wbewell'b  anemometer  was  mentioned  at  Note  i,  p.  572. 

"  It  exhibits,  upon  a  diagram,  not  only  the  lUrection  and  the  force, 
but  the  direction  and  integral  effect  of  the  wind,  but  whirh  it  nior« 
ooraplex  In  its  construction  [than  OsleB's],  and  practirally  more 
liable  to  derangement. 

"  In  it,  H  small  set  of  windmill  vanes,  something  like  the  irntilB. 
. ,_.=_j J  .^  ^1,^.  ^^j  1,^  g  common  vane,  in 


whaterer  direction  i1 

;  may  bl. 

iw.    The  current,  as 

it  passes, 

.these 

nnesii 

1  rapid  motic 

«  ;  ^d  1 

a  train  of  wheels  and 

pinions  reduces  the 

motion. 

which  is  th< 

apenc 

il,  traver 

sing 

verti. 

cally,  « 

id  pressing  a 

gainst  a 

n  upright  cjli 

ndeV,w 

hich  fom 

IS  th. 

port  of  the  instrumei 

the  fly. 

prncU 

to  dear. 

:nd  ,05th  of 

an  inch. 

The  surface 

of  the 

cylinder 

is  CI 

with  white  paper,  and  the  pencil, .  ,        .  ^ 

thick  irrrgular  Une,  like  the  shadings  on  the  coaitt  of  a  map.  The 
middle  of  the  line  may  be  easily  traced,  and  it  gives  the  mtan  direc- 
tion of  the  wind,  while  the  length  of  the  line  is  proportionftl  to  the 
Telocity  of  the  wind,  and  the  length  of  time  daring  which  it  blows  in 


An  anemometer  has  been  described  in  the  Alluiuaiia  [Sept.  31, 
1844],  by  Mr.  GODOABD,  late  assistant  at  Lord  Whdtteblkv's 
observatory  :— "  The  vane  is  double,  simikr  to  that  of  Mr.  Uklbr'b. 
It  la  filed  to  and  therefore  tuma  with  the  perpendicular  rod,  which 
pierces  the  ceiling,  reaching  within  a  few  feet  of  the  Eround,  resting 
on  the  end  or  ton  of  a  cylinder  of  wood,  round  the  circunifereuce  M 
which  are  placed,  level  with  the  top,  a  series  oft}iirty-two  glass  cylin- 
drical tubes  of  equal  bore,  the  interstices  being  filled  up  neatly  with 
patty  or  cement.  Each  tube  represents  a  point  of  the  compass;  and 
they  are  intended  to  hold  acoioured  fluid,  and  are  therefore  sealed 
over  at  bottom,  similar,  in  fact,  to  test  tubes,  only  considerably 
larger  ;  they  are  graduated  so  as  to  indicate  the  height  of  the  fluid 
within  them,  which  height  depends  directly  on  the  tnilrs  of  wind 
which  has  passed  the  vane  in  the  twenty-four  hours.  Above  the 
circle  of  tubes,  in  llie  spparatns  which  deposits  the  liquid  into  them, 
there  is  a  contrivance  atfiied  to  the  pressure -plate,  by  means  of  which 
the  fluid  is  deposited  at  a  variable  rate,  but  always  depending  on  the 
force  on  the  pressure-plate  at  the  moment.  Thus,  if,  for  instance,  a 
drop  per  minate  answered  to  a  wind  of  one  mile  an  hour,  two  drops 
per  minute  would  shew  a  velocity  of  two  miles  an  hour ;  fifty  drops  a 
minute,  fifty  miles  an  hour,  and  so  on  ;  and,  as  the  tubes  euilect  the 

■  riU(BBFon<itCammtttwofthaRofal8odelr,li40.p.Tl. 


590  APPENDIX,  NO.  n. 

daily  deposit,  therefore,  by  simply  reading  off  the  daily  elevation  of 
the  fluid,  and  noting  the  respective  tube  or  tubes  in  which  it  is  ftmnd, 
we  have  at  once  the  number  of  miles  of  air  which  has  passed  the  sta^ 
tion,  as  well  as  the  direction.  To  describe  the  apparatus  by  whidi 
the  quantity  of  fluid  is  regulated,  so  as  to  flow  in  proportion  to  the 
wind's  velocity,  would  require  a  diagram  ;  but  the  general  character 
is  sufficiently  obvious  to  give  the  meteorologist  an  idea  of  it.  Mr. 
Osler's  clock  is  superseded  by  a  depsudra  arrangement,  and  the 
spiral  for  the  pressure -plate  is  replaced  by  the  natural  spring  of  water, 
which  is  far  superior  to  any  artificial  spring." 


But,  among  self-registering  instruments,  none  seem  more  likely 
to  advance  the  knowledge  of  meteorological  phenomena,  with  giant 
strides,  than  the  contrivances  lately  {^rfected  by  Prof.  Whbat- 
STONE.  I  have  been  at  some  pains  to  possess  myself  of  the  details 
of  this  valuable  imion  of  mechanical  and  physical  resources,  in  orda 
to  give  correct  views  of  the  workings  of  these  instruments.  But, 
before  describing  one  of  the  prindpal  of  these  contrivances,  I  must 
explain  another  form  of  ele^^ridty,  and  its  properties,  of  which 
mention  has  not  yet  been  made  in  these  pages.  When  plates  of 
metal,  zinc  and  copper,  for  instance,  are  immersed  in  add  water  or 
other  solution,  and  a  metallic  connection  is  established  between 
them,  a  continuous  dectric  action,  popularly  termed  an  dectric  cut' 
rent,  is  developed.  The  wire,  by  which  the  plates  are  connected,  is 
endo^\'ed  for  the  time  with  new  properties:  it  has  the  power  of 
deflecting  the  magnetic  needle  ft'om  its  normal  position,  to  a  direction 
at  right  angles  to  itself ;  it  has  also  the  property  of  converting  soft 
iron  into  a  temporary,  and  steel  into  a  permanent,  magnet ;  for  the 
latter  purposes,  the  wire  is  of  considerable  length,  is  covered  with 
cotton  or  silk,  and  coiled  round  the  iron  or  steel.  An  dectric  cur- 
rent possesses  various  other  properties;  but  as  they  are  not  concerned 
in  the  action  of  the  instrument  at  present  under  consideration,  we 
need  not  make  any  further  allusion  to  them  here. 

The  instrument  about  to  be  described  registers  the  atmospheric 
changes  by  means  of  this  property  of  a  voltaic  current  to  convert 
soft  iron  for  the  time  being  into  a  magnet. 

Figure  1,  Plate  x.  represents  **The  Electro-magnetic  Meteoro- 
logical Register,"  with  all  its  parts  complete :  its  height  as  it  stands, 
with  the  frame,  is  about  six  feet.  For  the  present,  it  is  adjusted  to 
register  the  range  of  three  instruments,  the  barometer  a,  the  thermo- 
meter b,  and  the  psychrometer  or*  wet-bulb  thermometer*  c,  but  it 
admits  of  the  addition  of  two  other  instruments.  It  consist  first  of 
a  regulator-clock,  of  which  A  is  the  pendulum  and  B  the  weight ;  to 
this  clock  are  attached  all  the  regularly  recurring  movements  that 
require  to  be  introduced ;  and,  secondly,  of  a  tr^n,  with  an  inde- 
pendent maintaining  power,  of  which  C  is  the  weight,  which  is 
Uberated  and  brought  into  play  only  at  the  moment  when  the  obser- 
vation is  made.  By  the  former  arrangement  the  observation  is 
made ;  by  the  latter  it  is  printed. 

In  describing  the  action  of  the  register,  it  will  be  enough  to  take 
the  case  of  one  instrument,  the  barometer  for  example,  which,  in  the 
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prcKnt:  inatfuicc,  U  of  the  aypbOD  coDStmctlaii ;  fbr  what  is  true  of 
that  will  be  true  of  the  nst.  Bearing  In  mind  what  has  beta  aald 
of  the  power  poaaeased  bjr  ■  loltaic  current  of  converting  iron  for 
;  into  ■  niBgnet,  refer  to  Plate  XI.  fig.  a,  which  represent* 
hat  diitorted  view  of  the  baclc  of  the  instrninent.  F  is  an 
electro -ma«net,  that  is  to  say,  a  bent  bar  of  aoft  iron,  EDTTonnded 
by  B  coil  cd  ioaulated  eopper-slre  ;  ji  ia  a  keeper  of  aoft  iron,  moving 
OD  a  hinge  at  the  right;  in  the  figure  it  b  represeoCed  In  contact 
with  the  magnet,  and  the  voltaic  current  ia  supposed  to  be  passing  : 
when  the  current  ceases  to  pass  the  iroo  will  cease  to  be  mBgnetic, 
and  the  keeper  will  fall :  in  ita  fall,  its  lever-arm  will  atrikc  against 
a  peg  on  the  lever  nt,  and  liberate  the  detent  of  the  iodcpendent  train, 
by  which  the  printing  is  effected.  So  that  the  cessation  of  the  cur- 
rdt  and  the  printing  of  an  observation  are  syoehrooous. 

The  coorM  of  (he  current  Is  as  follows : — D  is  a  small  voltaic 
clement,  consisting  of  a  plate  of  copper  in  sulphate  of  copper,  anil  a 
porous  tube,  contaioiog  amalgam  of  zinc,  in  a  cell  two  ioches  square: 
the  current  proceeds  in  the  direction  of  the  airowa,  which  are  num- 
bered in  order  ;  frooi  the  copper  of  the  voltaic  element  along  a 
cononl  wire  (I),  to  the  rhcotamc  E,  an  instrument,  which  will  be 
described  presently ;  theo,  from  the  index  to  the  section  tJ  the  in. 
itntment  to  which  the  wire  g  is  atUched  ;  along  this  win  (1)  to  the 
mercury  in  the  longer  arm  of  the  barometer  a,  which  is  syphon- 
fonned  ;  down  the  mercury  and  round  the  bend  (3)  of  the  barometer 
to  the  reaervoira  ;  up  the  thin  wire  (4  and  B)  to  the  pulley  d,  which 
la  affiled  Co  a  metal  alls  in  metallic  connection,  of  course,  with 
the  body  of  the  dock :  the  path  along  the  metal  work  of  the  clock 
may  be  ihewn  by  the  arrow  6  ;  It  theoce  enters  the  wire  of  the 
electro 'magnet ;  and,  having  traversed  this,  it  returns  to  the  zinc  of 
the  cell  by  the  wire  7.  So  long,  then,  as  there  is  no  break  in  this 
drcuiC,  the  clectro-maguet  F  will  retain  ita  magnetism  ;  but  an  obser- 
vation will  be  made  every  time  the  circuit  ia  broken.  The  wire  4,  S, 
ii  compoicd  of  two  parts ;  the  lower,  which  dips  into  the  mercury  of 
the  barometer,  is  a  piece  of  the  fine  steel  wire  of  which  the  balance- 
apring  of  the  smallest  watches  is  made;  the  upper  portion  ia  a  chain  of 
a  watcb :  the  little  weights,  shewn  on  it  in  figure  1 ,  are  to  keep  it  in  a 
state  of  tenaion.  Now,  the  uis  on  which  the  policy  dia  supported  ia 
connected  with  the  clock-train,  and  the  chain  is  wound  up  by  It ;  so 

mercury, — and  thus,  the  voltaic  circuit  b  broken,  the  keeper  falls,  and 
an  observetioo  is  made.  It  is  obvious  that  more  or  leas  of  the  chain 
must  be  wound  up  before  the  point  leaves  the  mercury,  according  as 
the  mercury  of  the  barometer  ia  higher  or  lower ;  and,  IhercforCi  if 
tbe  relation  between  the  poaitlon  of  the  wire  and  the  time  as  shewn 
by  the  dial  is  properly  adjusted,  the  height  of  the  barometer  at  a 
^eo  time  Is  obtained. 

For  thb  purpose  the  pulley  d  is  in  the  outset  made  in  such  ratio  to 
the  range  of  the  barometer,  that  injfcf  minutes  the  point  of  the  wire 

present  Instance,  of  oae  incA  and  a  half.  The  aiis  ia  so  counccCed  with 
the  clock-lrain  Chat  it  winds  up  Che  wire  fnr  a  apace  of  jStc  minutes; 
and  Is  then  thrown  out  of  gear  for  the  epoce  of  out  minute,  during 
which  time  the  weights,  assisted  by  another  weight  t,  descend  and  re. 
■tore  the  wire  la  its  noniud  position,  ready  for  a  fresh  ascent,  and  so  on. 
So  that  the  point  of  the  wire  leaves  the  mercury,  and  an  observation 
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is  made  once  every  $ix  minutes.  On  the  opposite  side  of  the  dodi 
are  two  type-wheels,  fiff.  3,  Plate  xi.  the  motion  of  which  exactly 
accords  with  the  rise  and  fall  of  the  above  wire :  the  first  type-wheel 
o  is  furnished  with  fifteen  radii,  each  bearing  a  letter ;  it  makes  a 
complete  reyolution  in  thirty  seconds,  or  two  seconds  for  each  letter ; 
the  second  type-wheel,  p,  has  twelve  radii,  ten  of  which  present  the 
digits,  and  the  other  two  are  blank ;  one  radius  of  this  wned  moTes 
on  for  a  complete  revolution  of  the  other,  or  in  thirty  seconds,  so 
that  a  complete  roolution  is  made  in  six  imnu/es,  behiff  the  exact 
time  occupied  by  the  barometer  wire  in  ascending  and  descending: 
the  ten  radii,  wiUi  the  digits,  correspond  to  the  toi  half-minutes  or 
five  minutes  of  the  ascent  of  the  wire,  and  the  two  blank  radii,  to  the 
minute  occupied  in  the  descent  of  the  wire,  and  during  which  no 
observation  is  made.  It  is,  therefore,  very  evident,  that  U  the  voltaie 
cell  is  first  charged,  and  connexions  made,  and  the  clock  duly  wound 
up  and  set,  and  these  type-wheels  and  bai-ometer  wire  placed  in  tl^ 
normal  position,  the  letter  and  figure  shewn  by  the  wheels  will  alwi^ 
correspond  to  a  certain  time  and  a  certain  position  of  the  point  of  tke 
wire ; — to  a  certain  timCf  because  they  travel  with  the  dock-movement, 
— to  a  certain  position  of  the  wire,  because  the  wire  travels  with  the 
same  clock-movement :  and,  during  the^re  minutes  constituting  iht 
complete  cyde  of  the  available  motion  of  the  type-wheels,  the  pc^t 
of  the  wire  will  pass  through  a  range  of  one  inch  and  a  ha\f:  and 
as  the  quickest  type-whed  presents  fifteen  letters  per  half-minute, 
or  150  during  the  five  minutes,  150  different  heights  of  the  mercury 
can  be  recorded,  or  variations  equal  to  ,01  inch.  During  the  course 
of  the  ascent  of  the  wire,  as  already  mentioned,  it  will,  at  some  point 
or  other,  leave  the  mercury ;  and,  by  thus  cutting  off  the  voltaic 
current,  will  let  the  keeper  fall  from  the  magnet,  and  set  free  the 
independent  train.  With  this  train  is  connected  a  hammer  n,  fig.  3, 
which  hammer  is  situated  immediately  behind  the  two  indicating 
radii,  and  is  now  made  to  strike  upon  them,  and  print  their  indica- 
tions on  the  cylinder  /,  fig.  1 ,  in  duplicate,  by  means  of  manifold 
paper.  The  cylinder  /  is  moimted  on  an  axis  with  a  spiral  screw ; 
and  by  the  clock  •movement  it  revolves  slowly,  and  is  gradually  car- 
ried along  the  axis ;  so  that  the  successive  observations  are  printed 
around  the  cylinder  in  a  spiral  direction. 

Now,  since  each  radius  of  the  smaller  type-wheel  occupies  two 
seconds  in  arriving  at  its  place,  it  would  often  happen  that  the  wire 
would  leave  the  mercury  during  this  very  brief  interval,  and  the  con- 
sequence would  be  a  blurred,  imperfect  impression ;  to  obviate  thi$, 
Mr.  Whratstonb  has  attached  to  the  instrument  a  spedes  of 
maintaining  apparatus,  by  which  the  current  is  held  on  for  an  instant 
after  the  wire  leaves  the  mercury,  whenever  this  happens  during  the 
shifting  of  the  type-wheel :  it  consists  of  a  rheotorae  G,  fig.  2,  not 
visible  in  the  instrument  itself,  being  behind  the  plate  of  the  dock  : 
it  is  a  circle  of  sixty  divisions,  alternately  brass  and  ivory,  with  a 
moving  index ;  when  the  index  is  on  the  metal,  connection  is  retained, 
when  on  the  ivory,  it  is  broken :  the  position  of  this  instrument  is 
such  that  the  index  shall  touch  the  metal  whenever  the  current  is  to 
be  held  on :  it  revolves  once  per  minute. 

But  it  is  well  known,  that  unless  a  keeper  is  placed  very  near  a 
magnet  it  will  not  be  attracted ;  in  order  to  accomplish  this,  a  small 
wheel  /,  fig.  %  is  placed  beneath  the  keeper,  and  made  to  revohre 
by  the  clock-movement :  it  is  ftimished  with  a  little  peg,  that  acts 
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barometric  obsenalion  is  made,  the  Index  passes  on  to  the  next  divi- 
sion, and  introduces  the  psychrometer,  for  instance,  Into  the  circuit ; 
and  then  passes  on  farther  to  the  sector  connected  with  the  thermo- 
meter, and  so  on-  In  Plate  X.  fig.  I,  arc  shewn  the  nires  h  i,  and 
pulleys,  by  which  the  two  last- mentioned  instruments  are  ioeluded  in 
the  circuit ;  the  range  of  both  Is  from—  S°  to-^  95°i  the  scale,  there- 
tore,  has  a  greater  length  than  that  of  the  hnrometer,  and.  consequently, 
the  pulleys  are  larger,  as  shewn  in  the  figure  ;  ia  all  other  respects, 
the  arrangements  are  similar.  It  will  he  seen,  fi'om  the  above  descrip- 
tion, that  three  observations  arc  recorded  in  each  eighteen  minutes, 
one  of  the  barometer,  another  of  the  thermometer,  and  the  third  of 
the  psychrometcr.  The  instrument  requires  no  attention  for  a  week, 
during  which  time  It  registers  1003  observations.  The  immersion  of 
the  wire  in  the  mercury  of  the  tubes,  for  the  time  being,  slightly 
elevates  the  mercury ;  but  as  the  observation  is  not  made  until  the 

necessity  that  the  circuit  should  be  completed  with  mercury,  there 
are  very  few  meteorolngical  instruments  to  which  this  register  cannot 
be  applied.     It  is  scarcely  necessary  to  remark  that  the  part  con. 

Honed  that  this  register  is  for  the  Kew  Observatory,  where,  we  hope, 
very  soon,  to  sec  it  placed. 
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